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ABSTRACT 
Twenty seven cycles of divergent mass selection for ear length were completed in the 
Iowa Long Ear Synthetic (BSLE) maize cultivar. The original population, each third cycle of 
selection for increased and decreased ear length, their respective SI lines, and their respective 
crosses were used to estimate direct and correlated responses to selection and the effect of 
selection on inbreeding depression and heterosis. This experiment was conducted in 1995 and 
1996 at five locations of Iowa. 300 unselected SI lines were obtamed fi-om the original 
population and fi-om the 24"" cycles of selection of both short-and long-ear subpopulations to 
determine the effect of selection on the genetic variability for ear length and correlated traits. 
This experiment was conducted in 1995 and 1996 at two locations of Iowa. Divergent mass 
selection was highly effective to modify ear length. After twenty seven cycles of selection, ear 
length was increased 1.4% (bi=0.27±0.03) per cycle of selection for longer ears and 
decreased 1.9% (bi=-0.37±0.03) per cycle of selection for shorter ears. Selection for shorter 
ear was accompanied by a significant decrease of grain yield of 1.7% (bi==-0.08±0.01) per 
cycle of selection, whereas selection for longer ear did not significantly modify grain yield. 
Selection for shorter ear was also accompanied by a significant increase of kernel-row number 
(bi=0.11±0.01) and ear diameter (bi=0.10±0.01) whereas selection for longer ear 
significantly reduced the expression of kernel-row number (bi=-0.06±0.01) and ear diameter 
(bi=-.20±0.01). Hence, improvement in grain yield in the longer-ear subpopulation was 
canceled by a significant reduction of the kernel-row number and ear diameter. The rate of 
inbreeding depression of ear length and yield remained constant during the course of selection 
ix 
in the longer-ear subpopulation, but it was gradually reduced with continued selection in the 
shorter-ear subpopulation. No heterosis was observed in the crosses between corresponding 
cycles of selection. Estimates of genetic variability among SI progenies showed no evidence 
that genetic variance is been exhausted. Hence, further progress in selection is expected in 




Mass selection is the simplest and oldest selection method known in maize (Zea mays 
L.)- Mass selection was used to develop many cultivars for specific uses and adaption to 
specific niches. It consists basically in the selection of individual plants, selected only on the 
basis of their phenotypes. Mass selection can be done either with pollen control of both 
parents or with pollen control of only the female parent. The latter method is more commonly 
used for improving yield and other distinctive plant traits. Although mass selection was 
eflfective in the past for developing many distinctive cultivars it was ineffective to improve 
characters of low heritability, such as grain yield, on the open-pollinated cultivars grown in the 
U.S. at the beginning of this century. Selection methods involving progeny test are more 
efficient than mass selection to improve complex traits. 
It is useful to know the degree of association between two or more traits in any 
selection program. The additive genetic correlation measures the degree of association 
between two or more traits by the breeding or additive effects, which are the effects that can 
be changed by selection. Therefore, if one trait under selection is correlated with another trait, 
selection for one of these traits will cause an indirect change in the expression of the 
correlated traits. This is known as correlated response to selection, which can be predicted in 
the same manner as the direct response to selection. Correlated response, therefore, can be 
predicted if the genetic correlation and the heritabilities of the involved traits are known. 
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Another important use of the genetic correlation between traits is related to indirect 
selection. The theory of correlated response suggests that sometimes indirect selection may 
be better than direct selection itself to improve some complex traits, such as grain yield. The 
merit, or relative efiBciency, of indirect selection relative to that of direct selection is expressed 
as the ratio of both responses; that is, by dividing the correlated response by the direct 
response. Falconer (1989) and Searle (1965) discuss the aspects related to the merit of 
indirect selection. The genetic correlation between the involved traits must be high and the 
heritability of the trait under selection must be higher than the heritability of the concerned 
traits for indirect selection to be preferable to direct selection. 
Because of the lower heritability of grain yield, some quantitative studies made in the 
past suggested that indirect selection for yield by using some ear trait could give more rapid 
progress than direct selection for yield itself Number of ears, kernel weight, kernel depth, 
and ear length were some of the traits suggested for using indirect selection for yield. These 
traits were suggested because they have higher heritabilities than that of yield and because 
they show the highest additive genetic correlation with yield (Hallauer and Miranda, 1988). 
Ear length was considered as an alternative trait to indirectly improve grain yield in 
maize. A divergent mass selection program for ear length was started in 1963 in the Iowa 
Long Ear Synthetic maize cultivar. Iowa Long Ear Synthetic was developed from 12 inbred 
lines selected for their ear length. Twenty-eight cycles of selection have been completed for 
both short-and long-ear subpopulations. Three studies have been conducted to evaluate the 
eflfect of selection on ear length and correlated traits. The first study was conducted by 
Cortez-Mendoza (1979) who evaluated 10 generations of selection. The second study was 
conducted by Salazar (1985) who evaluated the performance of 15 cycles of selection. My 
study was conducted to evaluate the performance of 27 generations of divergent mass 
selection for ear length. The objectives of this study were (1) to evaluate the effectiveness of 
direct selection for ear length, (2) to evaluate the effect of selection for ear length on grain 
yield and other correlated traits, (3) to determine the effect of selection for inbreeding 
depression and heterosis for ear length and correlated traits, and (4) to determine the effect of 
selection on the genetic variance and heritability for ear length and correlated traits for both 
short- and long-ear subpopulations. 
Dissertation organization 
This dissertation is organized following the paper format. The first chapter includes a 
general introduction of the dissertation. The second chapter contains a general review of the 
main topics involved in my dissertation and the references cited. The third chapter is 
composed as a manuscript that will be submitted to Crop Science Journal. The manuscript 
contains its own abstract, introduction, and references. The general conclusions are given in 
the fourth chapter. The first appendix (A) contains the more important results obtained in 
Experiment 1, which was conducted to evaluate the performance of cycles of selection and 
derived populations of them. The second appendbc (B) contains the more relevant results of 
Experiment 2, which was conducted to evaluate the genetic variability of the populations 
under study. 
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Concept and importance of mass selection 
Mass selection is the simplest and oldest selection method known in maize (Allard, 
1960; Hallauer and Miranda, 1988). It has been used and practiced by the first settlers of 
Mexico and Central America since the domestication of maize, which was approximately 7000 
years ago. The mass selection method developed, consciously or unconsciously, thousands of 
cultivars, with different levels of productivity (Wellhausen, 1963). Many races with 
distinctive characters were adapted to specific niches by using mass selection (Hallauer, 
1992). 
Mass selection is based on the selection of individual plants, selected only on the basis 
of their phenotype (Hallauer and Miranda, 1988). Mass selection is practiced for distinctive 
characteristics of yield and/or plant traits(Marquez, 1985). Mass selection can be done in two 
different ways: mass selection with pollen control of both parents and mass selection with 
pollen control of only the female parent (Empig et al., 1972). When both parents are 
considered, mass selection uses all the additive genetic variance. Expected response (R ) 
firom this form of selection can be written as R=ka^A/'^a^wc+cr^p+a^A+cj^D, where k represents 
the selection intensity, the within-plot environmental variance; o^p the plot-to-plot 
environmental variance; o^a the additive genetic variance; and c^d the dominance variance. 
However, when only the female parent is considered, only half of the additive genetic variance 
is used. Expected response fi-om this form of selection can be expressed as R=k(l/2) 
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o^ANa^^+o^p+c^A+<^v (Hallauer and Miranda, 1988). This type of mass selection is more 
commonly used in maize for improving yield and other distinctive plant traits (Hallauer and 
Miranda, 1988; Marquez, 1985). 
Although mass selection was effective in the past for developing distinctive cultivars, it 
was ineffective to improve yield on the open-pollinated cultivars of maize grown in the 
United States at the beginning of this century (Hallauer, 1992). Sprague (1955) mentions that 
the main reasons for the ineffectiveness of mass selection were: (1) lack of information about 
the male parent, (2) lack of progeny test, and (3) marked effects of soil variability. The 
problems involved in the points (1) and (2) were solved through mass selection with control 
of both parents and femily selection, respectively. The problem involved in the point (3) was 
solved with the modifications introduced by Gardner (1961) to improve the effectiveness of 
mass selection (Marquez, 1985). These modifications to mass selection involved the 
stratification of the selection plot in smaller subplots and the selection of plants with complete 
competition within each subplot, which allowed a greater separation between genetic and 
environmental effects (Molina, 1981). 
Expected response fi"om mass selection as suggested by Gardner (1961), can be 
written as R=k(l/2)a^A/^o^«e+o^A+o^D- When selection is applied without subplots, the 
phenotype variance among individual plants is a^a^we+a^p+o\+a^D- However, when 
selection is used as suggested by Gardner (1961), the criteria for selection is the deviation of 
each individual phenotype fi'om the mean phenotypic value of all plants within the same 
subplot. Under the assumption that the summation of the deviations is equal to zero, the 
plot-to-plot environment variance is equal to zero (a^p=0). For this reason, when subplots 
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are used, the variance aniong individual plants becomes for one 
environment and a^y=a^wc+ o^ea+ct^ed +o^a+c^d across environments, where o^ea and o^ed 
are the additive x environment interaction variance and the dominance x environment 
interaction variance, respectively (Hallauer and Miranda, 1988; Marquez, 1985). 
Uses of mass selection 
Robinson et al. (1955) obtained large estimates of additive genetic variance in some 
open-pollinated populations of maize. The estimates of additive genetic variance and the 
modifications made by Gardner (1961) for mass selection suggested that mass selection 
should be effective for improvement of grain yield in maize. (Hallauer and Miranda, 1988). 
Gardner (1961) reported on average gain in yield of 3.9% per cycle in the Hays Golden maize 
cultivar. Later, Gardner (1968, 1976) reported a yield gain of 2.7 and 3.0% per cycle after 10 
and 15 generations of selection, respectively, in the same cultivar. After 19 generations of 
selection, Gardner (1976) reported that the response to selection in both selected populations 
tended to plateau at generation 13. For the first 16 generations he observed an excellent linear 
response of 3.0% per generation. However, grain yield started to decrease in the generation 
17 and showed the same trend in generations 18 and 19. Gardner (1976) attributed such 
changes in the response to selection to the following reasons; 1) contamination, but he did 
not find any evidence that the populations had changed; 2) shift of isolated nurseries fi'om 
uniform soil types to new sites with extremely variable soils and environmental conditions 
which could cancel the selection of the superior genotypes; 3) extreme environmental 
conditions that could breakdown favorable linked epistatic combinations selected previously 
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because of the shift of isolations; and 4) selected generations interacted more with the 
environments than the original population. 
Studies have shown that the mass selection procedures proposed by Gardner (1961) 
are effective to improve grain yield of maize. Johnson (1963) reported a gain of 7.02% per 
cycle after three cycles of mass selection in the tropical cultivar V-520C. Molina (1981) 
reported the effects of stratified visual mass selection in the following maize varieties; 
Compuesto Universal, which showed a gain of 2.0 to 3.1% per cycle after four cycles of 
selection; Tuxpeno Crema 1, which showed a gain that ranged from 2.8 to 3.0% per cycle 
after seven cycles of selection; Compuesto Conico, which showed a gain of 3.9 to 5.8% per 
cycle after 10 cycles of selection; Zacatecas 58, which showed a gain of 4.6 to 5.6% per cycle 
under irrigation and of 8.6 to 13.2% per cycle under rainfall after 10 cycles of mass selection 
in situ; Zacatecas 58, which showed a gain of 2.6 to 4.4% under irrigation and of 2.6 to 5.7% 
under rainfall after 13 cycles of rotational mass selection. Center (1976) reported that yield 
was increased 171% after 10 cycles of mass selection in a composite of Mexican races. 
Hallauer and Wright (1967) reported a gain of 1.5% per cycle after three cycles of 
selection in the Iowa Ideal cultivar. Later Hallauer and Sears (1969) obtained no significant 
increase in yield after five and six cycles of mass selection in the Iowa Ideal and BCrug 
cultivars, respectively. They attributed the lack of response to selection to the following 
causes: (1) decline of additive genetic variance in the cultivars; (2) imprecise plot techniques 
to minimize the confounding of environmental effects; (3) low intensity of selection due to 
exclusion of stalk-lodged plants; and (4) high plant density in the plot under selection which 
could prevent the phenotypic expression of yield for individual genotypes that could he 
selected visually. In a subsequent study, Mulamba et al. (1983) evaluated the effectiveness of 
mass selection after 14 cycles in the Krug cultivar, and determined the genetic variability in the 
original population and 14"* cycle population by using unselected SI lines. They reported a 
gain of 6.9% afterl4 cycles of selection or 0.49% per cycle, and the estimates of genetic 
variability showed no change for the mass selected populations. 
Mass selection also has been used for adapting exotic and semiexotic germplasm to the 
U.S. Com Belt and other regions of the world. Vera and Crane (1970) found that mass 
selection was highly effective to reduce ear height in two synthetics which were developed by 
crossing a U.S. Com Belt population with Antigua 2D and ETO Composite. After two 
generations, ear height was reduced 4.5% per cycle. In Mexico, Wellhausen (1965) used 
mass selection to improve a synthetic containing two parts of Celaya races and one part of 
Comiteco and Tuxpeno races. He suggested the possibility of improving the U.S Com Belt 
Dent germplasm by the incorporation of some exotic germplasm to increase the genetic 
variability of the U.S. Com Belt populations. Hallauer and Sears (1972) used mass selection 
for earlier silking in the Colombian ETO Composite, which is too late and too tall when it is 
grown in the U.S. Cora Belt. After four cycles of selection, they found that days-to-silk was 
reduced by 20 days averaging 3.8 days per cycle. Concomitantly, ear height was reduced 15 
cm per cycle. Troyer and Brown (1972) also were successful in reducing days-to- silk in 
three semiexotic synthetics, two of which involved Mexican germplasm and the other West 
Indian germplasm. Earlier silking was accompanied by increased yield and reduced plant and 
ear height. 
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Compton et al. (1979) reported that mass selection for adaptation and prolificacy in an 
exotic and in a Com Belt x exotic germplasm was effective to improve grain yield. However, 
in this case, increased yield was accompanied by increases in plant and ear height and days-
to-flower. Hence, they suggested that more emphasis should be placed on maturity to reduce 
either maturity at harvest or days-to-flower. 
Mass selection for earlier flowering has been used successfully to adapt tropical 
germplasm to U.S. temperate environments. Mass selection was used to develop BS16, 
which includes 100% tropical germplasm selected fi-om ETO Composite (Hallauer and Sears, 
1972). Hallauer (1992) registered the BS27 cultivar, developed after six cycles of mass 
selection in a composite of Antigua germplasm. Hallauer (1994) registered the BS28 and 
BS29 cultivars. BS28 was developed by mass selection in a composite of Tuxpeno 
germplasm, and the BS29 was developed after five cycles of mass selection in a strain of the 
tropical Suwan germplasm. Thus, mass selection seems to be a good alternative for adapting 
exotic or semiexotic germplasm without drastic loss of genetic variability because of the large 
effective population size that can be maintained (Hallauer and Miranda, 1988) 
Mass selection also has been useful to improve other traits. In Mexico, Molina (1980) 
used stratified visual mass selection to select for drought resistance in two maize cultivars. He 
obtained an average response in yield of 3.0% per cycle. Zuber et al. (1971) obtained a 
significant reduction of ear worm ( Heliothis zea Baddies) damage in two synthetics of maize 
after 10 cycles of selection for resistance to this pest. Cross et al. (1987) used divergent mass 
selection for ear moisture in five early maize synthetics. They found that selection was 
effertive in both directions, which was accompanied by reduced maturity without undesirable 
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correlated response in yield. Ariyanayagam et al. (1974) obtained significant changes in both 
directions for leaf angle in one maize cultivar after 10 cycles of divergent mass selection. They 
did not observe, however, significant correlated response for yield in both directions. Crosbie 
et al. (1981) reported that divergent mass selection was effective to modify the 
photosynthesis rate in both directions. They suggested that populations with high rate of leaf 
photosynthesis could be good germplasm in maize breeding programs. 
Correlated response and indirect selection 
Correlations are important in plant breeding because they measure the degree of 
association between two or more characters (Hallauer and Miranda, 1988). The association 
between two characters that can be directly observed is the phenotypic correlation, which 
involves both environmental and genetic effects (Falconer, 1989; Lush, 1994). Adequate 
separation between both kinds of effects is required in order to know the effect of selection on 
correlated traits because the direction of correlated response is determined by the sign of the 
genetic correlation (Lush, 1994).The genetic correlation in the broad sense involves both 
additive and nonadditive effects, whereas the additive genetic correlation is the correlation of 
the breeding values (Hallauer and Miranda, 1988). The nonadditive effect involves both 
donunance deviations and epistatic interactions (Falconer, 1989; Lush 1994). 
Pleiotropy and/or linkage disequilibrium may be the causes of the additive genetic 
correlation. Pleiotropy occurs when some gene(s) affect simultaneously more than one trait, 
and it is a cause of permanent correlation (Falconer, 1989; Hallauer and Miranda, 1988; Lush, 
1994). Hence, the magnitude of correlation due to pleiotropy expresses the extent to which 
two characters are influenced by the same gene(s). Some genes may increase both characters 
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causing a positive correlation whereas others may increase one trait and reduce the other trait 
causing a negative correlation (Falconer, 1989). Therefore, large positive additive genetic 
correlations may be considered as a measurement of the same trait (Lush, 1994). Genetic 
correlation, however, depends on the frequency of genotypes in a population; thus, genetic 
correlations are specific for each population (Gallais, 1984; Hallauer and Miranda, 1988). 
Linkage disequilibrium, which is caused by the nonrandom distribution of nonallelic 
genes in the gametes, is a transient cause of correlation (Hallauer, and Miranda 1988; Lush 
1994). It tends to be dissipated over generations in a random mating population, and the rate 
of dissipation depends on the rate of recombination between the linked genes (Hallauer and 
Miranda, 1988). 
If one trait under selection is correlated additively to a second trait, selection for the 
primary trait will cause an indirect change in the mean of a secondary trait. This is called 
correlated response. The magnitude of this change depends on the degree of association 
between both traits, which is determined by the additive genetic correlation between the traits 
(Hallauer and Miranda, 1988). 
The correlated response for a trait y (CRy) can be predirted by using the expression 
CRy=khxhyr,a^py, where k is a function of the selection intensity; h* and hy are the square roots 
of the heritability of traits x and y, respectively; r, is the additive genetic correlation between 
traits X and y; and Opy is the standard deviation of the phenotypic variance of trait y. Hence, 
the correlated response can be predicted if the genetic correlation and the heritabilities of the 
two traits are known (Falconer, 1989). Considering mass selection for only one sex, 
correlated response can be predicted by using this formula CRy= k(l/2)Cov xy / OAY, which 
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can be rewritten as CRy=(l/2)k r.hxaAy; where Cov xy is the additive genetic covariance 
between traits x and y and OAy is the standard deviation of the additive genetic variance of trait 
y (Hallauer and Miranda, 1988). 
Correlated response observed during the course of selection depends on genetic 
parameters. After one cycle of selection, the standardized correlated response in trait y from 
selection on trait x (CRyjt) is expected to be equal to the response in trait x from selection on 
trait y (CRx.y), given that CRyjc= CRx.y=hx(o)hy(o)r, (o), where (o) represents the base 
population. For the same reason, symmetrical correlated response in trait y from selection on 
trait X is expected when selection is applied to the same trait in different directions (Boheren 
et al. 1966). However, if both traits have different heritabilities after the first generation of 
selection, both correlated responses CRyjt and CRx.y are no longer equal. They are 
asymmetrical (Buhner, 1980). The difference between CRyjt and CRx.y is taken as a measure of 
asymmetry (Villanueva and Kennedy, 1992). Boheren (1966) explained that such asymmetry 
is a result of change of genetic variances and covariances due to changes in gene 
frequency.These changes, however, appear to be more important in the long term (Bulmer, 
1980, Villanueva and Kennedy 1990). In early cycles, Buhner (1980) shows that these 
changes in genetic parameters in an infinite population are due to linkage disequihlirium 
induced by selection. Such genetic parameters approach a limit value (equilibrium) after four 
or five cycles of selection. After four or five cycles of seleaion, the variance and covariance 
lost by selection is recovered by recombination (Villanueva and Kennedy, 1990). However, 
Hospital and Chevalet (1995), in a simulation study considering a finite population, found 
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that the genetic parameters tend to zero instead of an equilibrium, as was proposed by Buimer 
(1980). 
In divergent selection programs, asymmetry of response has important practical 
consequences because response in one way may be less than the response in the other way. 
Possible causes of asymmetry in divergent selection can be due to random drift, selection 
differentials, inbreeding depression, maternal effects, genetic asymmetry, genes with large 
effects, scalar asymmetry, and indirect selection (Falconer, 1953; 1989). The percentage of 
reduction in correlated response in a trait indirectly selected depends on the initial heritabilities 
of both traits, the initial squared value of the genetic correlation, and the intensity of selection 
(Villanueva and Kennedy, 1990). This reduction in correlated responses was greater for the 
trait with the lower heritability. 
The direction of the correlated response depends on the sign of the genetic correlation 
(Lush, 1994). In maize, the average genetic correlation of yield with ear components and 
some morphological traits, such as plant and ear height and days-of-flower, are positive 
(Hallauer and Miranda, 1988). Therefore, it is expected that direct selection for grain yield 
increases in some magnitude the mean of the correlated traits. 
Another important use of the correlation between traits is related with indirect 
selection (Hallauer and N&anda, 1988). Theory of correlated response suggests that it might 
be possible to realize more progress with selection for a primary trait (y) through selection for 
one or several other secondary traits (Gallais, 1984). Indirect selection would be preferable to 
direct selection when (1) the desirable trait is diflScult to measure, (2) the desirable trait may 
be costly to measure, or (3) the desired trait is measurable only in one sex (Falconer, 1989). 
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The merit of relative selection eflSciency (RSE) of a single trait of indirect selection 
relative to that of direct selection is expressed by the ratio of indirect response divided by the 
direct response. This expression can be written as RSE=iyhyra^xhx, where iy and i* are the 
selection intensities for traits y and x, respectively, r, are the additive genetic correlation 
between traits y and x, and h* and h, are the square roots of the heritabilities of traits y and x, 
respectively. If both selection intensities i* and iy are equal, indirect selection will give faster 
improvement in the primary trait than does direct selection when rAhy/hx>l.That is, the genetic 
correlation between both traits must be high and the heritability of the secondary trait must be 
higher than that of the primary trait (Falconer, 1989; Gallais, 1984; Searle 1965). The 
response equation was discussed by Searle (1965), who showed that, under mass selection, 
indirect selection has to satisfy the following requirements to be more preferable than direct 
selection: the minimum heritability value of the secondary trait for indirect selection (h*) 
must be greater than the rate hy/r^ because the value of the genetic correlation is less than 
one. In addition, since h, cannot exceed 1, the minimum value of the genetic correlation (r) 
between both traits must be greater than the square root of the heritability of the secondary 
trait (r>hx). 
Number of ears, kernel weight, and ear length have been used to indirectly improve 
grain yield in maize. Divergent mass selection for multiple and single ears was conducted by 
Torregosa and Harpstead (1967) in Colombia in a highland maize cultivar. They found that 
selection for prolificacy increased grain yield 14% and number of ears 28% after five cycles of 
selection, whereas selection for single ears decreased grain yield 5% and the number of ears 
per plant decreased 7.0%. In a subsequent study, Torregosa (1973) reported that selection for 
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multiple ears showed a gain of 48% in prolificacy and 35% in grain yield, while number of 
ears and yield showed a decrease of 16 and 7%, respectively, in the single-ear population. 
Lonnquist (1967) reported a correlated response for grain yield of 6.3% per cycle after five 
cycles of selection for prolificacy in the cultivar Hays Golden, which was greater than that 
observed (2.7% per cycle) by Gardner (1968) after 10 cycles of direct selection for grain yield 
in the same population. Mareck and Gardner (1979) reported a correlated response of 2.5% 
for grain yield after 10 cycles of mass selection for prolificacy in the cultivar Hays Golden. 
Coors and Mardones (1987) found that grain yield was increased 2.85% with selection for 
number of ears in the cultivar Golden Glow after 12 cycles of biparental mass selection. In a 
later report, Maita and Coors (1996) found a correlated response for yield of 1% after 20 
cycles of selection for prolificacy. They found that the advanced cycles of selection yielded 
more than the original population at higher plant densities. 
Arboleda-Rivera and Compton (1974) used mass selection to select for prolificacy 
under three different environments: rainy season, dry season, and selection in both seasons. 
Direct response to selection for prolificacy under the rainy season resulted in an increase of 
10.5 and 8.8% per cycle for grain yield and number of ears, respectively, when testing in the 
rainy season, and of 0.8 and 1% for grain yield and number of ears, respectively, when testing 
in the dry season. Direct response to selection for prolificacy under the dry season was 2.5% 
for grain yield and 4.4% for number of ears, when testing in the dry season, and of 7.6and 
11.4% for yield and number of ears, respectively, when testing in the rainy season. For 
selection for prolificacy conducted in both seasons, the response for yield was 5.3 and 1% per 
cycle under rainy and dry conditions, respectively, whereas the response for number of ears 
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was 7.8 and 3.3% under rainy and dry seasons, respectively. They concluded that selection 
was more effective under less favorable environments. 
Some controversy, however, remains about effectiveness of selection for polificacy to 
improve grain yield. This controversy is in relation to the environmental conditions that fevor 
the expression of polificacy. Research suggests that prolificacy is better expressed at lower 
plant density and optimum soil conditions (Prior and Russell ,1975; Mareck and Gardner, 
1979). 
Another trait that has been used to indirectly improve grain yield is kernel weight. 
Padget et al. (1968) used divergent mass selection for kernel weight. After nine cycles of 
selection, the response to selection was 2.00%/100 kernels per cycle in each direction. 
Correlated responses for ear length, number of kernels per row, and percent of moisture were 
not significant. Odhiambo and Compton (1989) used divergent mass selection to increase and 
decrease kernel size. After 20 cycles of selection in the Krug Yellow Dent cultivar, they 
found that selection was highly effective for both large and small seed size. Direct selection 
for small seeds reduced kernel weight 7.21g/1000 kernels per cycle, while direct selection for 
large seeds increased kernel weight 4.68g/1000 kernels per cycle. Selection for small kernel 
size significantly decreased grain yield whereas selection for larger seed size did not increase 
grain yield. 
Another study of indirect selection is related with ear length. In 1963, Hallauer started 
a divergent mass selection program to study the effects of direct and correlated response in 
the cultivar Iowa Long Ear synthetic (BSLE). Three studies have been conducted in this 
population. The first one was done by Hallauer (1968) who used the mating design I to 
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estimate the genetic parameters. He reported that most of the genetic variance was due to 
additive effects for most of the traits considered in his study. Cortez-Mendoza and Hallauer 
(1979) made the second study after 10 cycles of selection. Direct selection, in both directions 
was highly significant. Selection for shorter ears caused a significant decrease in ear length of 
0.64 cm per cycle of selection. Selection for longer ears produced an increase of 0.32 cm per 
cycle of selection. Correlated responses for ear diameter, kernel depth, ear height, and days-
to-silking were significant and showed the same trend that was observed for ear length. 
Selection for shorter ears, however, significantly decreased grain yield whereas selection for 
longer ears was not accompanied by an increase in grain yield. They concluded that the 
significant reduction in grain depth observed in selection for longer ears canceled the effect of 
longer ears in yield. After 15 cycles of selection a third evaluation was done by Salazar 
(1985). Selection for shorter ears significantly reduced ear length by 0.46 cm per cycle, 
whereas selection for longer ears increased the ear length 0.39 cm per cycle. Correlated 
response for yield components and other traits as well as that of yield show trends similar to 
those reported by Cortez-Mendoza and Hallauer (1979). 
Estimation of genetic variability 
Progress fi-om selection depends on the magnitude of the additive genetic variance. 
Estimates of additive genetic variance depends on gene fi-equencies (Hallauer and Miranda, 
1988). Falconer (1989) shows that intermediate gene fi-equencies contribute more to the 
genetic variance than lower or higher gene fi"equencies. When gene fi'equencies are between 
0.2 and 0.8 and adequate effective population size is maintained, genetic variances are 
expected to change very slowly during the course of selection for traits controlled by many 
loci (Eberhart, 1977). 
Most of the estimates of additive and dominance variance in maize have been obtained 
by using the mating designs I, II, and HI developed by Comstock and Robinson (1948, 1952). 
Hallauer and Miranda (1988) summarized the estimates of genetic parameters for 19 traits in 
maize which were obtained by averaging the values reported in the literature. This study 
showed that the additive genetic variance (o^a) was greater than the dominance variance (o^d) 
for all the traits considered. They also obtained average estimates of o^a and o^d in five types 
of maize populations. They reported that the estimates of o^a were greater than estimates of 
D in all populations, which suggests that significant progress fi-om selection may be expected 
in any of these populations. 
Another method for estimation of genetic variability is testing unselected inbred lines 
(Hallauer and Miranda, 1988). The use of inbred lines to estimate genetic variability, however, 
requires the assumptions that gene fi-equencies are not affected by natural selection, and that 
they remain constant during inbreeding (Kling et al. 1987). The use of SI progenies meet with 
these requirements because the low level of inbreeding of these lines makes it possible to 
obtain a set of unselected lines representative of the reference population. The components of 
variance for SI progenies when p=q=0.5 are a^A"Kl/4) ^d- If we assume no dominance, the 
variance among SI lines provides an estimate of o^a, which may be used to estimate 
heritability. Hence, it is possible to predict direct and correlated responses to selection. 
Some controversy has existed regarding the use of inbred lines for estimating genetic 
variability. Crosses among random lines should reconstitute the reference population if the 
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gametes from the random lines represent a random sample from the reference population. 
Eberhart (1966) used a set of random SI lines to reconstitute the Jarvis and Indian Chief 
cultivars; he found that the means for number of ears and yield were greater in the 
reconstituted populations than in the original populations. This suggests a change in gene 
frequencies for the derived SI lines. Kling et al. (1987) used molecular markers to evaluate 
changes in gene frequencies in a set of inbred lines developed by single-seed descendent from 
the original and improved populations (C-15 and 1-15) of the Hays Golden cultivar. Based on 
the study of 10 enzymes used as markers, they found little evidence of change in gene 
frequencies in the random inbred lines. They observed that natural selection had more impact 
on allelic frequencies on lines derived from the original population than on the lines derived 
from the improved populations. 
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CHAPTER THREE 
DIVERGENT MASS SELECTION FOR EAR LENGTH IN THE IOWA LONG EAR 
SYNTHETIC MAIZE CULTIVAR AFTER TWENTY SEVEN CYCLES OF 
SELECTION 
A paper to be submitted for publication in Crop Science 
Jose de Jesus Lopez-Reynoso'*^ and Amel R. Hallauer^'^ 
ABSTRACT 
Twenty seven cycles of divergent mass selection for ear length were completed in the 
Iowa Long Ear Synthetic (BSLE) maize cultivar. The original population, each third cycle of 
selection for increased and decreased ear length, their respective S1 lines, and their respective 
crosses were used to estimate direct and correlated responses to selection and the effect of 
selection on inbreeding depression and heterosis. This experiment was conducted in 1995 and 
1996 at five locations of Iowa. 300 unselected 51 lines were obtained fi-om the original 
population and from the 24"* cycles of selection of both short-and long-ear subpopulations to 
^Universidad Autonoma Chapingo, Chapingo, Mexico and Dep. of Agronomy, Iowa State 
Univ., Ames, lA 50011. 
^Part of the dissertation submitted by the senior author in fulfillment of the requirements for 
the Ph.D. degree. 
^ Corresponding author. 
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determine the effect of selection on the genetic variability for ear length and correlated traits. 
This experiment was conducted in 1995 and 1996 at two locations of Iowa. Divergent mass 
selection was highly effective to modify ear length. After twenty seven cycles of selection, ear 
length was increased 1.4% (bi=0.27±0.03) per cycle of selection for longer ears and 
decreased 1.9% (bi=-0.37±0.03) per cycle of selection for shorter ears. Selection for shorter 
ear was accompanied by a significant decrease of grain yield of 1.7% (bi=-0.08±0.01) per 
cycle of selection, whereas selection for longer ear did not significantly modify grain yield. 
Selection for shorter ear was also accompanied by a significant increase of kernel-row number 
(bi=0.11±0.01) and ear diameter (bi=0.10±0.01) whereas selection for longer ear 
significantly reduced the expression of kernel-row number (bi=-0.06±0.01) and ear diameter 
(bi—.20±0.01). Hence, improvement in grain yield in the longer-ear subpopulation was 
canceled by a significant reduction of the kernel-row number and ear diameter. The rate of 
inbreeding depression of ear length and yield remained constant during the course of selection 
in the longer-ear subpopulation, but it was gradually reduced with continued selection in the 
shorter-ear subpopulation. No heterosis was observed in the crosses between corresponding 
cycles of selection. Estimates of genetic variability among S1 progenies showed no evidence 
that genetic variance is been exhausted. Hence, further progress in selection is expected in 
both short- and long-ear subpopulations. 
INTRODUCTION 
Mass selection is the simplest and oldest selection method known in maize (AUard, 
1960; Hallauer and Miranda, 1988). It has been used and practiced by the first settlers of 
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Mexico and Central America since the domestication of maize about 7000 years ago 
(Wellhausen, 1963). Because of the evidence of the importance of additive genetic variance 
reported by Robinson et al. (19SS) in some maize cultivars and because of the modifications 
made by Gardner (1961) for mass selection, it was suggested that mass selection should be 
effective to improve grain yield in maize. Gardner (1961) reported a yield gain of 3.93% per 
cycle after 4 cycles of selection in the Hays Golden cultivar. Gardner (1968, 1976) also 
reported a yield gain of 2.7 and 3.0% per cycle after 10 and 15 cycles of selection in the Hays 
Golden cultivar, respectively. After 19 cycles of mass selection, however, Gardner (1976) 
reported that the response to selection tended to plateau. Mass selection also has been useful 
to improve other traits. Compton et al. (1979), Hallauer (1994), and Hallauer and Sears 
(1972), reported that mass selection was useful to adapt tropical germplasm to U.S temperate 
environments. Molina (1980) used mass selection to improve drought resistance in two 
Mexican maize cultivars. Zuber et al (1971) reported significant progress for pest resistance in 
maize. 
Because of the lower heritability of grain yield, some quantitative studies conducted in 
the past suggested that indirect selection for greater yield by using some ear trait could 
increase yield more rapidly than direct selection for yield itself. Number of ears, kernel weight, 
kernel depth, and ear length were some of the traits suggested for use in indirect selection for 
increased yield. Lonnquist (1967), Coors and Mardones (1989), Maita and Coors (1996) 
reported significant yield improvement by selecting for prolificacy. Odhiambo and Compton 
(1987), however, reported that selection for seed size was not effective for improving yield. 
Ear length was considered as an alternative trait to improve grain yield in maize. A divergent 
mass selection program for ear length was started in 1963 in the Iowa Long Ear Synthetic 
maize cultivar. Twenty eight cycles of selection have been completed for both short- and long-
ear subpopulations. The objectives of this study were: (1) to evaluate the effectiveness of 
divergent mass selection for ear length after 27 cycles of selection; (2) to evaluate the effect of 
selection for ear length on grain yield and other correlated traits; (3) to determine the effect of 
selection on inbreeding and on heterosis for ear length and correlated traits; and (4) to 
determine the effects of selection on the genetic variability on both short- and long-ear 
subpopulations. 
MATERIALS AND METHODS 
Divergent mass selection was used to improve grain yield in the Iowa Long Ear 
Synthetic (BSLE) maize population by using ear length as selection criterion. BSLE was 
developed at Iowa State University by intercrossing 12 inbred lines which had the following 
attributes; above-average ear length, above-average combining ability, and good transmission 
of ear length to the hybrid progeny. The 12 inbred lines were crossed to form six single 
crosses which were crossed to form three double crosses. Equal amount of seed of each 
double cross was mixed to get a composite, which was released after three generations of 
random mating (Hallauer, 1968; Russell et al. 1971). 
A divergent mass selection program for ear length in the BSLE maize population was 
initiated by Hallauer in 1963 by using the grid system proposed by Gardner (1961). At this 
time, an isolated nursery was planted with 16,000 plants using a plant density of39,500 plants 
per hectare. In this isolation, a plot containing about 4,000 plants was subdivided into one 
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hundred subplots containing 40 plants each. Within each subplot the three longest and the 
three shortest ears were selected, giving a total of300 selected ears and a selection pressure 
of 7.5% within each sub-population. Healthy ears and good seed set were the main restrictions 
imposed during the phenotypic selection. Selected ears were dried artificially to an uniform 
moisture and shelled. Equal amount (ea. 100) of seed fi'om each selected ear was mixed within 
each group to get the first population cycle for both short- and long-ear subpopulations. One 
seed sample of each sub-population was planted in different isolations in 1964. Since 1963, 
each cycle of selection has been growing in isolated fields located near Ames and Ankeny, 
Iowa. The same field techniques have been used to form the advanced cycles of selection. 
Plant density, however, was changed in 1970 fi-om 39,500 to 54,400 plants per hectare which 
resulted by changing the row distance fi'om 100 cm to 75 cm. 
Two experiments were conducted. Experiment 1 was conducted to evaluate direct and 
correlated responses to mass selection for longer and shorter ears. Experiment 2 was 
conducted to determine the genetic variability among each subpopulation after 24 cycles of 
selection and compare with the genetic variability of the original BSLE population. 
Experiment 1 included two entries of the original population (CO); one entry for each 
third cycle of selection of the long- and short-ear subpopulations; two entries corresponding 
to SI-bulked lines of the CO; one entry of each SI-bulked line for each third cycle of selection 
of the long- and short-ear subpopulations until the 24"* cycle; one entry of each cross between 
the corresponding cycles of selection for long- and short-ear until the 24"* cycle, and one entry 
for each of the three checks included. The SI-bulked lines were obtained by mixing equal 
amount of seeds of 125 to 130 SI lines of each population. 
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Experiment 1 was conducted at five Iowa locations (Ames Agronomy and Agricultural 
Engineering Research Center, Ames Atomic Energy Farm, Ankeny, Crawfordsville, and 
Greenfield) in 1995 and 1996. Greenfield location was lost in 1995 because of the drought 
conditions and Crawfordsville location was lost in 1996 because of the flooding and standing 
water. Two-row plots (5.49 m long with 0.76 m between rows) were overplanted using the 
machine planter. Each plot was thinned at the 7 leaf stage to 52 plants per plot in order to 
have a plant density of62,250 plants per hectare. In both years, one sample of ten ears was 
hand harvested fi^om each plot for the locations at Ames Agronomy and Agricultural 
Engineering Research Center, Ames Atomic Energy Farm, and Ankeny Farm. The remaining 
ears of these locations and all the ears of the other two locations were harvested by machine. 
The hand-harvested ears were dried artificially and used to record data for the ear traits. The 
yield of the hand-harvested and machine-harvested ears was adjusted to 15.5% grain moisture. 
We obtained data at all locations for stand, root lodging (%), and stalk lodging (%). Data for 
yield (ton/ha) and moisture (%) were not available in 1996 at Atomic Energy Farm because of 
deer damage. Data for ear length (cm), kernel-row number, ear diameter (cm), grain yield per 
plant (g), were taken only at Ames and Ankeny. Days-to- anthesis and days-to-silk were taken 
only at the Ames Agronomy and Agricultural Engineering Research Center. 
All experiments were analyzed as randomized complete block designs. Analyses of 
variance were calculated for each experiment, and combined across locations. Response to 
mass selection was estimated by using the model proposed by Eberhart (1964). A linear and 
quadratic models were fitted to the cycles of selection per se and to the SI lines derived fi^om 
the corresponding cycles of selection. The sum of squares among populations was partitioned 
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into sum of squares due to linear and quadratic regressions and deviations from regression. 
The sums of squares of linear and quadratic regressions were partitioned into average and 
between sums of squares. 
In the Experiment 2, 300 SI lines were used to estimate the genetic variability within 
both subpopulations and the original BSLE population. One hundred unselected SI lines were 
obtained from the original BSLE population and from each subpopulation after 24 cycles of 
selection. Experiment 2 was evaluated in 1995 at the Ames Agronomy and Agricultural 
Engineering Research Center and Ames Atomic Energy Farm. An incomplete block design 
with two replications with replications within sets was used to evaluate the 300 81 progenies. 
The entries were randomly assigned to ten sets. Each set included 30 SI lines, 10 lines from 
each subpopulation and the origmal BSLE population. The 30 entries within each set were 
assigned at random without any restrictions. One-row plots were 5.49 m long with 0.76 m 
between plots. Entries were overplanted with the planting machine and thinned to 23 plants 
per row given a plant density of about 55,000 plants per hectare. A sample of five ears were 
hand harvested from each plot. Data for stand, root lodging (%), stalk lodging (%), plant and 
ear height (cm), kernel row-number, ear length (cm), ear diameter (cm), and grain yield per 
plant (g), were taken for each location. Days-to-anthesis and days-to-silk were taken only in 
Ames Agronomy and Agricultural Engineering Research Center. 
An analysis of variance of the S1 progenies was performed for each location and for a 
combined analysis across locations for each trait. With the exception of populations, all the 
sources of variation were considered random effects. Based on the expected mean squares, an 
approximate F-test was calculated to test populations within sets in the analysis for each 
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location (Satterthwaite, 1946). The same approach was used to test for the significance of 
populations within sets in the combined analysis. Genetic variance component estimates were 
computed for each location and for the combined analysis. Estimates of the genetic variances 
for the original and selected populations were computed by equating mean squares to their 
expected mean squares. The estimates of components of variance were used to obtain the 
estimates of heritability on a per plant basis. Because no individual plant data were taken, the 
plant-to-plant variation (o^w) was estimated by using the approach used by Robinson et al. 
(1949) (a^^=10o^), where a^is the mean square error. Phenotypic and genotypic 
correlations were computed. Estimates of genetic covariance were calculated fi-om an analysis 
of covariance, which had the same form as the analysis of variance (Falconer, 1989). Direct 
and correlated responses were predicted by using the expression discussed by Falconer 
(1989), and by Hallauer and Miranda (1988). 
RESULTS AND DISCUSSION 
Response to selection 
Significant differences (P<0.01and P<0.05) were present among populations for all 
traits in the analysis combined across environments (analysis not shown). The entry x 
environment interaction was significantly different for all traits except ear diameter, days-to-
anthesis and days-to-silk. Days-to-Jinthesis and days-to-silk had the lowest coefficient of 
variation whereas yield, root lodging and stalk lodging had the highest coefficients of 
variation. 
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An analysis of regression was conducted on each subpopulation developed from the 
BSLE maize population. Twenty seven cycles of the selected populations per se and the first 
24 cycles of the selfed populations were used to estimate direct response to selection for ear 
length and correlated responses. The combined analysis of variance of the selected populations 
themselves for ear length, yield components and other plant traits are listed in Table 1. The 
linear mean squares were significant for all traits. The among linear effects also were 
significant for all traits, which indicated that response to selection for divergent ear length and 
correlated traits was significantly different. With exception of days-to-silk, stand, and plant 
and ear height, the average linear mean square was significant for the other traits, which 
indicated that the response to selection was greater in one direction than in the other. Such 
differences were taken as an indicator of asymmetry in the response to selection for increased 
and decreased ear length. The quadratic mean squares were significant for ear length, ear 
diameter, plant and ear height, yield, moisture, days-to-anthesis and days-to-silk. The 
deviations fi-om regression were significant for plant and ear height, stand, days-to-silk, and 
days-to-anthesis. Although the quadratic regression effects were significant for eight traits, the 
linear regression model accounted for most of the variation among generations of selection. 
The percentages of variation accounted for the linear regression model were 97.09% (ear 
length), 97.48% (kernel-row number), 96.19% (ear diameter), 85.95% (yield per hectare), 
84.11% (plant height), 81.24% (ear height), 88.69% (days-to-silk), and 81.03% (days-to-
anthesis). Because a greater proportion of the variation was accounted for the linear model, 
the linear regression coeflBcients provided good estimates of response to selection. For grain 
moisture, however, the linear regression model only accounted for the 53.4% of the variation 
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among entries. For grain moisture, therefore, the response to selection was calculated as the 
average response (R==-0.15 for both short- and long-ear subpopulations), which was obtained 
as the difference between the most advanced cycle of selection and the original population 
divided by the number of generations of selection (C27-C0)/27. 
Linear regression coefiBcients for the selected populations themselves, selfed 
populations of the selected populations, and crosses between corresponding selected 
populations are given in the Table 2. Divergent mass selection was effective to modify ear 
length. After 27 cycles of selection, ear length was increased 36.9% or 1.4% per cycle and 
decreased 50.5% or 1.9% per cycle of selection. Linear regression coefiBcients were highly 
significant in both short- and long-ear subpopulations (Table 2). Direct response for increased 
and decreased ear length was asymmetrical. Direct response for increased ear (bi=0.27) was 
significantly less than selection for shorter ear length (bi=-0.37) (Fig. 1). Similar asymmetry of 
response to selection also was observed in the previous studies conducted by Cortez-Mendoza 
and Hallauer (1979) and by Salazar (1985). Cortez-Mendoza and Hallauer (1979) reported 
that the selection response for shorter ear (bi=0.64) was twice the selection response for 
longer ear (bi=0.32), whereas Salazar (1985) found response for shorter ear was bi=-0.46 
and for longer ears was bi=0.38. Asymmetry in response to selection also was reported in 
other divergent selection studies (Odhiambo and Compton, 1987; Torregosa and Harpstead, 
1967; Torregosa, 1973; Falconer, 1953). Falconer (1953, 1989) discusses the following eight 
possible causes of asymmetrical response in divergent selection programs: maternal effects, 
random drift, indirect selection, selection differential, inbreeding depression, scalar effects, 
gene asymmetry, and genes with large effects. Maternal effects in maize are not of great 
Jl 
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relevance to be the cause of the symmetrical response. Effects of genetic drift and inbreeding 
depression were minimized because of the large population size used (300 plants have been 
selected in each direction from plots of4,000 plants). Selection differential may differ in the 
two subpopulations because of the differential effects of natural selection, fertility, and scale 
effects. Equal selection intensity was used in both directions and no differences in germination 
and/or vigor were observed. The scale effects are associated with changes in the variance 
because of the changes in the mean. However, the genetic variances within the subpopulations 
for shorter and longer ears were greater than the genetic variance of the original population 
(Table 4). Thus, selection differential does not seem to be the cause of the asymmetrical 
response observed for ear length in this study. 
Genetic asymmetry determined by unequal gene frequency and directional dominance 
might be important factors causing the asymmetrical response for ear length in the BSLE 
maize population. The BSLE population was developed by intercrossing 12 inbred lines which 
were selected for length of ear. Thus, it is expected that the BSLE maize population started 
with gene frequencies above 0.5 for the long-ear subpopulation and below 0.5 for the short-
ear subpopulation. Because of the effectiveness of divergent mass selection to increase and to 
decrease ear length, it is expected that continued selection for increased ear length has moved 
the gene frequency further away from 0.5, causmg a reduction of the heritability. Selection for 
decreased ear length would shift the gene frequency toward 0.5, causing an increase in the 
heritability. The original gene frequency and the expected changes with selection would 
explain the differences in response to selection observed for increased and decreased ear 
length. These expectations agree with the results reported in the previous studies that have 
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been conducted BSLE. The response to selection for shorter ears has been consistently 
greater than the response to selection for longer ears. With directional dominance, most of the 
loci involved in one trait behave as dominant in one direction and as recessive in the other. 
Studies have found that long ear is either partially dominant or completely dominant to short 
ear (Gardner et al. 1953; Robinson et al. 1956). No evidence of heterosis, however, was 
expressed in the crosses between corresponding cycles of selection. The linear regression 
coefBcient for ear length (bi=0.01±0.03) of the crosses was not different from zero, and the 
phenotypic means of the crosses showed an intermediate expression rather than the 
phenotype of the long-ear populations (Table 2 and Table 3). The lack of dominance observed 
in the crosses may be attributed to the cancellation of the dominance deviations of the plus 
and minus direction (Gardner et al. 1953; Robinson and Cockerham, 1961). It seems, 
therefore, that unequal gene frequencies for longer and shorter ears accounted for most of the 
asymmetry observed in the response for increase and decreased ear length to selection in the 
BSLE maize population. Unequal gene frequency, therefore, will be the main cause of the 
asymmetrical response to selection for increased and decreased ear length on further 
generations of selection. In further cycles of selection, however, such asymmetry may either 
reduce or switch of trend because of significant change on gene frequencies for longer and 
shorter ears caused by selection or physiological processes that limit ear size. Change in gene 
frequency may be important in the long term, whereas the physiological mechanisms that limit 
ear size may be of concern in the short term. Good seed set has been one of the main 
restrictions imposed during the course of selection. This restriction together with the 
physiological barriers that limit ear size would cause that progress for longer ear becomes 
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greater than progress for shorter ear in the short term. Good seed set, however, also is a 
limitation in the longer ears because of the physical barriers that avoid the fertilization of the 
bottom ovaries. 
Correlated responses 
Correlated response for yield was negative in the long- (bi=-0.01±0.01) and short-ear 
(bi=-0.08±0.01) subpopulations. Selection for shorter ear was accompanied by a significant 
decrease of grain yield of 44.9% or 1.7% per cycle. Selection for longer ear did not 
significantly modify yield, although, on the average, selection for longer ear reduced grain 
yield by 5.6%. Asymmetrical response for yield seems to be related to pleiotropic effects of 
some genes involved with ear length, which could have negatively affected grain yield in the 
selected populations for shorter ear or they could have a neutral effect on yield in the 
selected populations for longer ear. 
Selection for shorter ear also was accompanied by a significant increase of kernel-row 
number and ear diameter, whereas selection for longer ear significantly reduced kernel-row 
number and ear diameter. Hence, improvement in grain yield in the long-ear subpopulation 
was canceled by a significant reduction of the kernel-row number and ear diameter. These 
results agree with those reported by Cortez-Mendoza and Hallauer (1979) and by Salazar 
(1985): indirect selection was not effective in the improvement of grain yield in the BSLE 
maize population by using ear length as selection criterion. 
Significant correlated changes also were observed in other traits. Selection for longer 
ear significantly increased the number of days-to-anthesis and days-to-silk, plant and ear 
height, root lodging, and moisture. With exception of root lodging, selection for shorter ears 
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reduced significantly the expression of the same traits as well as the percentage of stalk 
lodging (Table 2). The plant height of the latest selected population for shorter ear was 30 cm 
shorter and five days earlier (days-to-silk) than the original BSLE population. The latest 
selected population for longer ear was 31 cm taller and five days later than the original BSLE 
population (Table 3). The increase in plant height and, consequently, the increase in ear 
height, explain the increase of root lodging observed in the most advanced selected 
populations for longer ear. Hence, 27 generations of divergent mass selection were not only 
highly effective in changing the ear-length expression in both directions but it also was 
effective in modifying the expression of some ear components and other distinctive plant 
traits. 
Analysis of the Sl-bulked lines 
The analysis of variance conducted in the Sl-bulked lines developed fi'om the original 
population and the populations after 24 cycles were in good agreement with the results 
observed in the regression analysis of the selected populations themselves. Likewise, with the 
exception of yield, moisture, stalk lodging, and stand, the linear regression coefficients of the 
traits had values similar to the populations themselves (Table 2). The estimated regression 
coefficients for longer ear were equal to the populations themselves and selfed populations, 
but the regression coefficient of the selected populations for shorter ear was significantly less 
in the selfed populations than in the population per se (Table 2; Fig. 1). Yield had a 
nonsignificant positive linear regression coefficient in the selected populations for longer ear 
and a highly significant negative linear regression coefficient in the selected populations for 
shorter ear in the selfed populations. 
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Inbreeding depression was measured as the difference of means between the original 
population and the selected populations with their corresponding SI-bulked inbred 
populations. Inbreeding reduced significantly the phenotypic mean of most of the traits (Table 
4). Stand, plant and ear height, ear length, ear diameter, and yield showed a significant 
reduction of the mean in the three subpopulations. Kernel-row number and moisture only 
showed significant reduction in the long- and short-ear subpopulations; stalk lodging only 
showed significant reduction in the short-ear subpopulation, and root lodging only showed a 
significant reduction in the long-ear subpopulation. Days-to-anthesis and days-to-silk were the 
exception because the means of these traits increased significantly in selfed subpopulations. 
These results are consistent with the hypothesis that inbreeding depression results in an 
increase in the fi^equency of homozygous recessive deleterious loci (Hallauer and Sears, 
1972). 
The magnitude of inbreeding depression depends on both gene fi-equency and level of 
dominance and it is greater when p=q=0.5 and decreases as the allele fi"equency approaches to 
either zero or one (Crow and Kimura, 1970; Hallauer and Miranda, 1988). A different trend 
of inbreeding depression was observed in the short- and long-ear subpopulations. The rate of 
inbreeding depression remained constant during the course of selection for longer ear (Fig. 3). 
A possible explanation for the trend observed in this subpopulation is that the gene fi-equency 
for long ear is closer to 0.5 or that the population is still segregating at many loci. The first 
hypothesis agrees with the origin of the BSLE maize population, whereas the latter hypothesis 
agrees with the results found in the analysis of S1 progenies for genetic variability (Table 5) 
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which shows that the genetic variance of the 24*'' cycle of selection is greater than the genetic 
variance observed in the original population. 
A dififerent trend for the rate of inbreeding was observed in the short-ear populations. 
In this subpopulation the rate of inbreeding depression was gradually reduced during selection 
(Table 3 and Fig. 3). The inbreeding depression rate ranged from 18.2% in the original 
population to -2.9 in the 24"' cycle of selection. A possible explanation of the lower rates of 
inbreeding depression in the most advanced selected populations is that the gene frequencies 
for short ear have increased beyond 0.5, or that the advanced cycles of selection are 
segregating for fewer loci than in the original population due to fixation caused by genetic 
drift. Both hypotheses, however, are in disagreement with the analysis of genetic variance 
conducted in the SI lines, which shows that the C(M-S)24 population has adequate genetic 
variance for further progress in selection (Table 5). According to Kling et al. (1987) and 
Benson and Hallauer (1994), the gradual reduction of the inbreeding depression rate in the 
shorter-ear subpopulation may be due to the elimination of deleterious alleles from the gene 
pool during the course of selection. 
Grain yield had the highest effects of inbreeding depression (Table 5). The rate values 
ranged from 34.2 to 45.5% in the short-ear subpopulation and from 41.5 to 53.4% in the 
long-ear subpopulation. Average inbreeding depression rate were 39.2% for short-ear and 
48.0% for long-ear compared with an inbreeding depression rate of 47.2% for the original 
population. The rate of inbreeding depression over cycles of selection for grain yield (Fig. 4) 
showed the same trend as that observed for ear length (Fig. 2). Rate of inbreeding depression 
remained constant across cycles of selection for the longer-ear populations, and it was 
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gradually reduced in the shorter-ear populations. The same explanations used for ear length 
might be used to explain the trend of inbreeding depression in yield on both subpopulations. 
Similarly to ear length, the genetic variances for yield in both subpopulations were greater 
than that observed in the original population. Divergent mass selection did not alter gene 
frequencies to affect the levels of inbreeding depression for ear length and for yield. 
Inbreeding depression for kernel-row number was greater in the advanced cycles of 
selection than that of the original population. The rate of inbreeding was similar in both 
subpopulations and it remained constant across 24 generations of selection. For ear diameter, 
days-to-anthesis, and plant height the inbreeding depression of the advanced generation of 
selection was similar to the inbreeding depression of the original population, and it was of 
similar magnitude in both subpopulations. For ear height and days-to-silk, the rate of 
inbreeding depression was greater in the short-ear sdubpopulations than in the long-ear 
subpopulations. 
Analysis of genetic variability among SI progenies 
The estimates of genetic variance exhibited considerable variation among the different 
locations. Estimates of genetic parameters of the combined analysis for the original, and for 
the mass-selected populations C(M-L)24 and C(M-S)24 are presented in the Table 5. 
Estimates of genetic variance for ear length among S1 lines were significant in the three 
subpopulations (analysis not shown) Because of the large eflfective population size, it was 
expected that the genetic variability would be maintained with mass selection. Our results 
agree with these expectations. After 24 cycles of divergent mass selection for increased and 
decreased ear length, we did not find any evidence that genetic variability has decreased in the 
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advanced selected populations Estimates of genetic variance for ear length were greater in 
both mass-selected populations than in the CO, which was greater in the C(M-L)24 
subpopulation than in the C(M-S)24 subpopulation. These results are in contrast with those of 
Helms et al. (1989), Mulamba et al. (1983), and Walker et al. (1991) who found that the 
genetic variability significantly decreased in the improved populations that were developed by 
using some type of progeny test selection method. Their resuks show, in contrast with those 
of mass selection, that the use of smaller effective population size may increase genetic drift 
which may cause the loss of genetic variability. 
The opposite situation was observed in the estimates of heritabilities for ear length 
which were lower in the mass-selected populations than in the original BSLE population. 
Estimates of genotype x environment variance were not significant for the CO 
(O^GE=0.33±0.25) and C(M-S)24 (a^GE=0.08±0.83) populations, but was highly significant 
for the C(M-L)24 population (a^GE=4.19± 1.33). It seems that the magnitude of the genotype 
X environment variance was the most important factor related with the lower heritability 
observed in the long-ear population. Mass selection for longer ear was accompanied by 
changes in genetic-environmental interactions. Selection of individual plants in successive 
years, and different environments, would have caused different selection pressure on different 
sets of genes which increased the vulnerability of the advanced cycles of selection for longer 
ear to dififerent environments, and, consequently, may have affected the magnitude of the 
realized response to selection for this trait. 
Estimates of genetic variance for yield showed the same trend as those of ear length. 




Estimates of the genotype x environment variance was greater in the shorter-ear 
subpopulation than in the longer-ear subpopulation. Genetic variance for kernel-row number 
was greater in the improved populations, whereas the estimates of genetic variance for ear 
diameter was greater in the long-ear population than in the short-ear population. 
Hallauer (1968) used the mating design I to obtain estimates of genetic variances in 
the BSLE maize population. He found that most of the genetic variance was due to additive 
effects for ear length, ear diameter, kernel-row number, and yield. Variance among SI lines 
estimates o^A+(l/4)o^Dfor p=q=0.5. Thus, it is expected that the estimates of genetic variance 
obtained from SI lines will overestimate the additive genetic variance. In the study conducted 
by Stucker and Hallauer (1992) it was found that the estimates of dominance variance 
decreased for all the traits evaluated in the BSSS population after eight cycles of recurrent 
selection. Reduction of the dominance variance was attributed to the increase of favorable 
alleles in the improved population. In this study we found that divergent mass selection was 
highly effective to increase the gene frequency for both long- and short-ear populations. 
Hence, it is expected that most of the genetic variance remaining in both subpopulations is 
due to additive effects because of the reduction of the dominance variance after 27 cycles of 
selection. Therefore, no great bias due to dominant deviations may be expected in the 
prediction of further progress to selection based on the estimates of genetic variances 
obtained in the advanced selected populations. 
The estimates of heritability (percent) for ear length on a per plant basis (4.9) was 
about twice as great as the heritabililty for yield (2.4) in the CO. These estimates followed the 
same trend of those reported by Hallauer (1968), who found that the heritability for ear 
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length (7.6) was about three times greater than the heritability for yield (2.6). Genetic 
correlations were small in all instances. The genetic correlation between grain yield and ear 
length was r=-0.07 in the CO. This value contrasts with that reported by Hallauer (1968) 
(r=0.38) in the BSLE maize population which agreed with the average genetic correlation 
calculated by Hallauer and Miranda (1988). Possible causes of the lack of genetic correlation 
between ear length and yield found in this study could be attributed and the type of 
populations used to estimate the genetic variances and to the genotype x environment 
interaction. We used SI progenies whereas Hallauer (1968) used the mating design I. The use 
of the mating design I allows to separate the additive from the dominance variance, which is 
not possible by the use of S1 progenies. When the genetic correlation between two traits is 
positive, selection may either increase (plus-plus genes) or decrease (minus-minus genes) the 
expression of both traits. The effects of some genes, however, may be plus in one environment 
and minus in another (Lush, 1994). Because of the genotype x environment interaction, the 
opposite effects of the plus-plus genes for ear length and for yield could have caused the lack 
of the genetic correlation (r=-0.07) between ear length and yield. Negative genetic 
correlations between ear length and kernel row number (r=-0.34) and between ear length and 
ear diameter (r=-0.22) were found. These correlations show either that an increase in ear 
length was associated with a decrease of kernel-row number and ear diameter or that a 
decrease of ear length was associated with increases of kernel-row number and ear diameter. 
The estimates of heritability and genetic correlation were used to predict direct and 
correlated responses expected from mass selection for the traits considered in this study. 
Predicted direct response for ear length shows that it was expected either to increase or to 
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decrease 0.30 cm per cycle. Observed responses for longer (bi=0.27 cm) and shorter ear (bi=-
0.37 cm), are similar to the predicted responses. A similar trend for ear length was observed in 
the predicted and observed correlated responses to selection for ear diameter, kernel-row 
number, and days-to-silk. Predicted response for plant and ear height was overestimated in the 
long-ear subpopulation and underestimated in the short-ear subpopulation. Predicted response 
for days-to-anthesis and root lodging agreed with the observed response in the long ear 
subpopulation but it was underestimated in the short-ear subpopulation; stand and stalk 
lodging showed the opposite trend than days-to-anthesis and root lodging (data not shown). 
Predicted direct response for yield was 1.61g/plant, whereas the correlated response 
for yield by selecting for ear length was -0.3 Ig/plant. The observed correlated response of 
yield for shorter ear (-0.3 Ig/plant) was equal to the predicted correlated response, whereas 
the observed correlated response of yield for longer-ear (-2.25g/plant) was greater than the 
predicted correlated response. The merit of indirect selection for yield by selecting for ear 
length was 19.25% which means that direct selection for yield itself was expected to be 
80.8% greater than indirect selection for ear length. Greater estimates of the merit of indirect 
selection were obtained in the previous studies conducted in the BSLE maize population. 
Cortez-Mendoza and Hallauer (1979) and Salazar (1985) found that the merit of indirect 
selection for yield was 66% and 32%, respectively. The theory of correlated response 
suggests that the correlation between the primary and secondary traits must be high and the 
heritability of the trait under selection (secondary trait) must be higher than that of the primary 
trait for indirect selection to be preferred to direct selection. In this study, the estimates of 
heritability for ear length (h^=4.88) was greater than the heritability of yield (h^2.38), but the 
47 
lack of genetic correlation (r=-0.07) between ear length and yield caused the low relative 
efiSciency of indirect selection relative to direct selection to improve grain yield in the BSLE 
maize population. 
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Table 1. Analysis of vaiiance' (mean squares) and regression analysis of 12 traits measured in the original BSLE population 
and in the cycles of selection for the long-ear and short-ear BSLE maize subpopulations across environments. 
Source of DF Ear Ear Kernel-row Plant Ear 
variation length, cm diameter, cm number height, cm height, cm 
Environmente (E) 7 47.91 2.22 9.03 21282.39 9743.04 
Populations (P) 18 550.92** 1.05** 36.60** 15167.79** 5260.80** 
Linear 2 4813.96** 9.09** 320.85** 114815.32** 38464.78** 
Average linear 1 65.10** 0.51** 13.20** 87.24 214.47 
Among linear 1 9562.82** 17.67** 628.50** 22543.43** 76715.10** 
Quadratic 2 110.61** 0.19** 0.61 16644.77** 5988.30** 
Average linear 1 10.05 0.00 0.24 9519.58** 1931.67** 
Among linear 1 211.17** 0.39** 0.99 23769.96 10044.93** 
Deviations 14 4.81 0.02 1.13 721.43** 413.45** 
E X P 96 5.28* 0.07 0.99 180.99* 173.37* 
Error $ 225 3.62 0.06 0.88 132.92 129.46 
Sourcc of DF Yield Moisture DF Days-to- Days-to-
variation ton/ha % anlhesis, no } silk, no } 
Environments (E) 7 24.48 1954.50 1 5949.15 6601.53 
Populations (P) 18 11.01** 38.16** 18 110.67** 82.35** 
Linear 2 85.17** 208.96** 2 805.95** 657.31** 
Average linear 1 58.59** 322.28** 1 90.75** 0.16 
Among linear 1 111.75** 95.64** 1 1521.15** 1314.46** 
Quadratic 2 5.47* 95.65** 2 126.51** 53.38** 
Average linear 1 7.38** 10.74 1 0.42 1.74 
Among linear 1 3.57* 180.56** 1 252.60** 105.02** 
Deviations 14 1.21 5.54 14 9.08** 4.35** 
E X P 108 0.84** 5.55* 16 2.64 0.75 
Error 263 0.55 3.90 76 2.07 1.01 
Table 1. Continued 
Source of DP Root  Stalk Stand 
variation lodginp^ % lodging, % 
Environments (E) 7 2819.31  1903.92  822 .00  
Populations (P) 18 302.79** 179.16** 69 .93** 
Linear 2 1442.08** 967.06** 199.59** 
Average linear 1 513.63* 235.62** 3 .57  
Among linear 1 2370.54** 1698.50** 395.61** 
Quadratic 2 142.47  18 .58  2 .28  
Average linear 1 203.07  34 .80  0 .00  
Among linear 1 81 .87  2 .36  4 .56  
Deviations 14 162 .94  89 .54  61 .07*  
E X P 126 119.76** 56 .64** 30 .84** 
Error 304 66 .44  37 .20  21 .34  
Significant and highly significant at 0.05 and 0.05 probability levels, respectively, 
f Based on mean analysis. 
I Number of days from planting date to flowering. 
§ Based on analysis of single observations. 
Table 2. Estimates of linear regression coefficients for 12 traits measured after 27 generations of divergent mass selection 
for increased and decreased ear length in the BSLE maize populations themselves, their selfed generations and their 
crosses evaluated across environments. 
Populations themselves Populations selfed Population 
Trails Long ear Short ear Long ear Short car crosses 
Ear length, cm 0. 2710.03** -0.3710.03** 0 .2710.04** -0.2610.04** 0.0110.03 
Yield, ton/ha (xlO) -0. 1010.10 -0.8010.10** -0 .1010.10 -0.3010.10** 0.6010.20* 
Moisture, % 0. 1310.03** 0.0810.03* 0 .0510.03 -0.0910.03** 0.0910.03* 
Ear diameter, cm (xlO) -0. 2010.01** 0.0110.01** -0 .2010.02** 0.1010.02** -0.0710.04 
Kernel-row number, no. -0. 0610.01** 0.1110.01** -0 .0510.02** 0.1010.02** 0.0210.01* 
Plant height, cm 1. 5410.37** -1.5910.37** 1 .5310,33** -1.7510.33** 0.1410.19 
Ear height, cm 0. 9910.25** -0.8310.25** 1 .1010.24** -0.9010.24** 0.1710.16 
Days-to-anthesis, no. | 0. 3310.06** -0.1210.06** 0 .3510.06** -0.9110.06** 0.0810.05 
Days-to-silk, no. f 0. 2110.04** -0.2110.04** 0 .2110.04** -0.1910.04** 0.0510.03 
Root lodging, % 0. 2510.08** 0.0310.08 0 .1910.06** -0.0610.06 0.0410.06 
Stalk lodging, % -0. 0310.05 -0.2510.05** -0 .1210.07 -0.0910.07 -0.1610.12 
Stand,% 0. ,0510.05 0.6710.05 -0 .1710.05** -0.0810.05 -0.0110.02 
Significant and highly significant at the 0.05 and 0.01 probability levels, respectively, 
t Number of days from date of planting date to flowering. 
Table 3. Means of five traits measured on the cycles of selection themselves, selfed cycles of selection, and crosses 
between corresponding cycles of selection after 27 cycles of divergent mass selection in the Iowa Long Ear 
Synthetic (BSLE) maize population. 
Populations themselves Selfed populations Crosses Populations themselves Selfed populations Crosses 
Cyclcs of Ear length, cm Ear length, cm Ear length Yield, ton/ha Yield, ton/ha Yield, ton/ ha 
selection Short Long Short Long cm Short Long Short Long 
BSLE CO 19 .77  19 .77  16 .18  16 .18  19 .77  4 .810  4 .810  2 .542  2 .542  4 .810  
BSLE C3 17 .27  21 .28  15 .25  18 .34  18 .63  4 .290  4 .925  2 .445  2 .846  4 .490  
BSLEC6 16 .17  22 .05  14 .4  17 .26  18 .74  4 .062  4 ,229  2 .215  1 .938  4 .200  
BSLEC9 14 .64  22 .70  12 .35  20 .16  18 .47  3 .593  4 .248  2 .003  2 .085  4 .400  
BSLE C12 12 .91  22 .88  12 .57  20 .59  18 .31  3 .098  4 .337  2 .147  2 .538  4 .787  
BSLEC15 12 .81  23 .35  11 .50  21 .77  18 .10  2 .974  4 .260  1 .869  2 .260  3 .901  
BSLE C18 12 .21  25 .14  11 .52  20 .51  18 .66  2 .974  4 .027  1 .867  2 .136  4 .185  
BSLE C21 12 .18  24 .78  11 .70  21 .40  18 .83  3 .094  4 .764  1 .802  2 .219  4 .318  
BSLE C24 11 .08  25 .19  11 .40  21 .58  20 .09  2 .677  3 .954  1 .760  2 .225  4 .448  
BSLE C27 10 .11  25 .57  2 .685  4 .077  
Populations themselves Selfed populations Crosses Populations tliemselves Selfed populations Crosses 
Cycles of Moisture, % Moisture, % Moisture Plant height, cm Plant height, cm Plant height, cm 
selection Short Long Short Long % Short Long Short Long 
BSLE CO 21 .12  21 .12  21 .43  21 .43  21 .12  248 .49  248 .49  229 .33  229 .33  248 .49  
BSLE C3 21 .24  22 .38  19 .99  21 .90  21 .89  225 .96  266 .90  213 .39  237 .83  244 .41  
BSLE C6 22 .67  24 .09  20 .25  21 .53  22 .75  234 .27  266 .51  211.47  230 .81  250 .33  
BSLEC9 22 .05  25 .11  19 .65  19 .10  24 .10  220.77  267 .58  192 .36  247 .65  250 .61  
BSLECI2 22 .34  24 .90  19 .91  22 .44  23 .25  205 .18  268 .02  195 .62  253 .04  248 .30  
BSLE C15 22 .35  23 .21  20 .35  21 .57  23 .30  207.06  267 .58  194 .11  255.52  242 .86  
BSLEC18 22 .88  25 .17  19 .58  21 .13  22 .43  201.30  266 .26  188 .33  250 .96  242 .03  
BSLE C21 23 .60  24 .85  19 .50  23 .03  23 .88  211 .78  278 .80  193 .38  252 .41  252 .34  
BSLE C24 24 .11  23 .69  17 .86  21 .76  23 .99  219 .28  278 .86  196 .73  251 .41  252 .09  
BSLE C27 25 .05  25 .04  219 .01  279 .52  
Table 3. Continued. 
Populations themseleves Selfed populations Crosses 
Cycles of Days-to-silk, no f Days-to-silk, no Days-to-
selection Short Long "Sliort Long silk, no 
BSLE CO 85.41 85.41 87.00 87.00 85.41 
BSLEC3 83.66 86.50 84.66 87.33 84.16 
BSLEC6 85.00 89.00 84.66 90.00 86.16 
BSLEC9 81.66 88.83 83.83 89.83 86.33 
BSLEC12 81.16 89.66 83.33 90.16 86.0 
BSLEC15 81 .33  89 .16  83 .33  90 .00  84 .33  
BSLEC18 80.83 88.83 83.00 90.50 85.16 
BSLEC21 81.16 89.33 83.33 91.00 86.00 
BSLEC24 82.3 3 89.66 83.16 90.00 86.58 
BSLEC27 81.00 90.33 
I Number of days from planting date to flowering. 
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Table 4. Percentage of inbreeding depression of SI lines for eight traits expressed as 
percentage of the respective short and long ear populations in Iowa Long Ear 
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-1 .19  0 .96  
0 .40  -1 .12  
-2 .66  -1 .13  
-2 .67  -0 .56  
-2 .46  -0 .94  
-2.68 -1.88 
-2 .67  -1 .87  
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1 0 . 9 5  2 1 . 7 2  
1 5 . 6 4  1 1 . 1 9  
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1 0 . 2 3  6 . 7 7  
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3 . 9 4  1 3 . 6 4  
- 2 . 8 9  1 4 . 3 3  
4 7 . 1 5  4 7 . 1 5  7 . 9 4  7 . 9 4  
4 3 . 0 1  4 2 . 2 1  6 . 9 4  6 . 0 2  
4 5 . 4 7  5 4 . 1 7  7 . 3 8  9 . 2 8  
4 4 . 2 5  5 0 . 9 2  7 . 9 1  6 . 2 7  
3 0 . 7 0  4 1 . 4 8  5 . 9 0  3 . 4 2  
3 7 . 1 6  4 6 . 9 5  7 . 5 3  5 . 4 6  
3 7 . 2 2  4 6 . 9 6  7 . 0 3  4 . 9 6  
4 1 . 7 6  5 3 . 4 2  5 . 9 0  8 . 2 5  
3 4 . 2 5  4 7 . 7 3  8 . 0 3  7 . 3 2  
Cycles of 
selection 
Plant height, cm 
Short Long 













7 .71  7 .71  
5 .56  10 .89  
9 .73  13 .40  
12 .87  7 .45  
4 .66  5 .60  
6 .25  4 .51  
6 .44  5 .75  
8 .69  9 .47  
10 .28  9 .84  
6 .92  6 .92  
7 .43  10 .93  
16 .69  16-92  
12 .38  7 .10  
2 .58  4 .90  
0 .51  4 .28  
10 .58  8 .25  
15 .26  8 .14  
9 .78  6 .07  
-3 .60  -3 .60  
-3 .20  0 .36  
-1 .48  -2 .79  
-4 .38  -2 .79  
-2 .11  -2 .23  
-3 .47  -3 .64  
-2 .86  -2 .57  
-1 .70  -3 .46  
1 .84  -2 .22  
f Number of days from planting date to flowering. 
Table 5. Estimates of genetic variance (o^o), genetic x environment interaction variance (O^GE), and heritabilities (h^) (on a 
per plant basis) in the CO, long-ear, and short-ear BSLE maize subpopuiations across environmentes. 
CO C(M-L)24 C(M-S)24 
Traits 
a  2 0 
_2 O OB hV/o) 0  a  2 OB h'(%) o '  b  a 2 a^ (%) 
Ear length, cm 2.  12  0 .33  4 .  88  3 .  78  4 .  19  2 .  00  2 .  61  0 .  08  1 .  80  
Yield, g/plant 116.  45  107 .45  2 .  38  213 .  70  48 .  16  2 .  97  186 .  24  82 .  ,61  3 .  85  
Ear diameter, cm 0.  03  -0 .01  1 .  72  0 .  04  0 .  03  1 .  84  0 .  10  0 .  02  2 .  14  
Kernel row number, no. 1.  ,32  0 .19  11 .  77  1 .  ,70  0 .  ,04  11 .  08  2 .  ,50  1 .  ,20  3 .  60  
Plant height, cm 251.  ,71  47 .16  13 .  82  172 .  ,58  38 .  ,67  8 .  78  261 .  .03  28 .  .66  17 .  05  
Ear height, cm 141.  .05  26 .27  14 .  15  139 .  ,16  26 .  ,12  11 .  01  153.  .60  24 ,  ,76  15 .  16  
Days-to-anthesis, no, | 12.  .46  0 .24  20 .  73  3 .  ,97  0 .  ,14  11 .  15  12 .  .45  1 .  ,63  12 .  56  
Days-to-silk, no. | 5,  .67  0 .26  18 .  .63  5  .69  0 ,  .46  17 .  39  6 .  .30  0 .  ,31  20 .  45  
Root lodging, % 26 .97  30 .78  3 .  ,23  59 ,  .52  50 .  ,70  6 .  52  2 ,  ,38  1 ,  ,77  1 .  50  
Stalk lodging, % 25 .54  1 .05  2 .  ,90  20  .92  4 .  .24  2 .  ,41  11  .39  6  .43  3 .  00  
Stand,% 4 .31  8 .35  5 .  .25  4  .23  6. .46  5 .  ,10  2  .46  5  .09  3 .  37  
I Number of days from planting date to flowering. 
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Figure 1. Direct response of ear length to divergent mass selection in the Iowa Long 
Ear Synthetic (BSLE) maize population. 
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Figure 3. Direct response to divergent mass selection for ear length in the cycles 
of selection themselves and in the corresponding selfed cycles of selection 
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A divergent mass selection program was started in 1963 for increased and decreased 
ear length in Iowa Long Ear Synthetic (BSLE) maize population. Three studies have been 
conducted to evaluate the performance of the selected populations. The first study was 
conducted by Cortez-Mendoza and Hallauer (1979) who evaluated 10 cycles of selection. The 
second one was conducted by Salazar (1985) who evaluated 15 cycles of selection. My study 
has been conducted to evaluate the performance of 27 cycles of selection. The objectives of 
this study were to evaluate the effect of mass selection on ear length and correlated traits, to 
determine the effect of seleaion on inbreeding depression and heterosis, and to estimate the 
genetic variance in the original and in the 24"" cycle of selection of both long- and short-ear 
subpopulations. 
Divergent mass selection was highly effective to modify ear length. After 27 cycles of 
selection, ear length was increased 36.9% or 1.4% per cycle and decreased 50.5% or 1.9% 
per cycle of selection. Direct response to selection for ear length was greater in one direction 
than in the other (asymmetrical). It seems that unequal gene frequency for long and short ear 
in the original populations accounted for most of the asymmetiy. Selection for shorter ear was 
accompanied by a significant decrease of grain yield of 44.9% or 1.7% per cycle of selection, 
whereas selection for longer ear was not accompanied by a correlated response for grain yield. 
Asymmetrical response for yield seems to be related with pleiotropic effects of those genes 
L 
involved with ear length, which negatively affected grain yield in the selected populations for 
shorter ear and had a neutral effect on this trait in the selected populations for longer ear. 
Selection for shorter ear also was accompanied by a significant increase of kernel- row 
number and ear diameter, whereas selection for longer ear significantly reduced the 
expression of these traits. Hence, improvement in grain yield in the long-ear population was 
canceled by a significant reduction of the kernel-row number and ear diameter. 
Other traits also were affected by mass selection. The most advanced short-ear 
population was about 30 cm shorter and five days earlier than the original population. 
Likewise, the most advanced long-ear population was about 31 cm taller and five days later 
than the original population. The increase in plant height, and, consequently, the increase in 
ear height could explain the increase of root lodging observed in the advanced selected 
population for longer ear. Hence, 27 generations of selection not only were effective to 
increase or decrease ear length but also it was effective in modifying the expression of 
correlated traits. 
Inbreeding, measured as the difference of means between the original population and 
the selected populations and their corresponding SI inbred populations, reduced significantly 
the phenotypic mean of all traits, except days-to-anthesis and days-to-silk, which were 
significantly increased in all the populations. Grain yield showed the highest reduction of the 
mean followed by ear length, plant and ear height, ear diameter, and kernel row-number. The 
rate of inbreeding depression of ear length and yield had similar trends in the short- and long-
ear subpopulations. Inbreeding depression remained constant across cycles of selection in the 
longer-ear populations, whereas it was gradually reduced in the shorter-ear populations. 
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Estimates of genetic variance exhibited considerable variation at the four locations. 
Estimates of genetic variance for ear length were greater in the C(M-S)24 and C(M-S)24 
populations and was greater in the long-ear population than in the short-ear population. This 
supports the hypothesis than divergent mass selection has not generated significant levels of 
inbreeding for ear length and correlated traits. Estimates of heritabililty (percent) for ear 
length on a per plant bases (h^.88) was about double the heritability of yield (h^=2.38) in 
the CO. No correlation, however was found between ear length and yield, which contrasts 
with that reported by Hallauer (1968) and Hallauer and Nfiranda (1988), who reported a 
genetic correlation of r=0.38 between ear length and yield. 
The estimates of heritability and genetic correlation were used to predict direct and 
correlated responses expected fi^om mass selection. The merit of indirect selection for yield for 
ear length was 19.25%, which means that direct selection for yield itself was expected to be 
increase 80.75% greater than indirect selection by ear length in this study. The estimate of 
heritability for ear length was greater than for yield, but the small genetic correlation between 
yield and ear length could account for the low efficiency of indirect selection to improve grain 
yield in the BSLE maize population. 
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APPENDIX A. RESULTS OF EXPERIMENT 1 
JL 
Table Al. Combined analysis of variance across locations for 12 traits measured on the cycles of selection 
themselves, their selfed generations and crosses derived of the Iowa Long Ear Synthetic (BSLE) maize 
population. 
Sourcc of DF Ear Kernel-row Ear DF Yield 
variation length, cm number diameter, cm ton/ha 
Environments (E) 5 126.65 12.50 5.41 6 52.43 
Replications/E 12 4.83 1.08 0.09 14 2.03 
Populations (P) 49 321.02** 24.29** 1.17* 49 58.89** 
E X P 245 5.17** 1.04* 0.07 294 0.82** 
Error 583 3.60 0.87 0.06 681 0.50 
Total 894 1044 
Mean 17.86 15.81 4.24 3.66 
CV % 10.63 5.91 5.85 19.31 
Source of DF Plant Ear DF Days-to- Days-(o-1 
variation height, cm height, cm anthesis, no | silk, no 
Environments IE) 5 55140. ,11 29940. 73 1 16457. ,61 17404. ,08 
Replications ( R ) 12 579. 62 235. ,81 4 24. ,66** 4. ,65** 
Populations ( P ) 49 120. ,73** 4245. ,48** 49 97, .82** 54. ,23** 
E X P 245 156. ,59* 122. ,07* 49 3. 06 1. 08 
Error 587 128. ,10** 94. 87 196 2. 80 1. ,11 
Total 698 299 
Mean 237. 84 115. ,16 92, .60 86. 05 
CV % 4. 76 8. 45 1. 84 1, .22 
Table Al. Continued. 
Source of DF Stand Root Stalk DF Moisture 
variation lodging. % lodging. % % 
Enviconmente (E) 7 3066. ,27** 6871. 99 5151. 51 6 4725. ,52 
Replications ( R ) 16 113. ,90** 213. 99 198. 07 14 23. ,45 
Populations ( P ) 49 204. , 63** 186. 51** 186. 12** 49 67. ,42** 
E X P 343 3. ,09 90. 62** 55. 56** 294 9. ,74* 
Error 784 22. ,40 48. 38 41. 56 683 8. 03 
Total 1199 1046 
Mean 46. 02 6. 69 5. 53 22. 39 
CV % 10. 28 103. 89 70. 15 12, .65 
x< Significant and highly significant at 0.05 and 0.01 probability levels, respectively. 
I Number of days from planting date to flowering. 
Table A2. Means of twelve traits measured on the cycles of selection themselves after twenty-seven cycles of divergent mass 
selection for ear length in the Iowa Long Ear Synthetic (BSLE) maize population. 
Cycles of Ear length, cm Yield, ton per hectare Moisture, % Ear diameter, cm Kernel-row number Plant height, cm 
selection Short Long Short Long Short Long Short Long Short Long Short Long 
BSLE CO 19 .  77  19 .  77  4  .810  4 .  810 21 .  12  21 .  12  4 .  41  4 .  41  15 .  71  15 .71  248 .49  248 .  49  
BSLE C3 17 .  27  21 .  28  4  .290  4 .  925  21 .  24  22 .  38  4 .  32  4 .  32  15 .  99  15 .39  225 .96  266.  90  
BSLE C6 16 .  17  22 .  05  4  .062  4 .  229  22 .  67  24 .  09  4 .  47  4 .  31  16 .  48  1556 234 .27  266 .  51  
BSLEC9 14 .  64  22 .  70  3  .593  4 .  248  22 .  05  25 .  11  4 .  55  4 .  15  16 .  68  14 .80  220 .77  267 .  58  
BSLEC12 12 .  91  22 .  88  3  .098  4 .  337 22 .  34  24 .  90  4 .  58  4 .  09  17 .  29  14 .95  205 .18  268.  02  
BSLE CI5 12 .  81  23 .  35  2  .974  4 .  260  22 .  35  23 .  21  4 .  51  4 .  03  16 .  71  14 .51  207 .06  267.  58  
BSLE C18 12 .  21  25 .  14  2  .974  4 .  027 22 .  88  25 .  17  4 .  55  4 .  03  17 .  92  14 .63  201 .30  266.  26  
BSLE C21 12 .  18  24 .  78  3  .094  4 .  764  23 .  60  24 .  85  4 .  58  4 .  00  17 .  82  14 .47  211 .78  278.  80  
BSLE C24 11 .  08  25 .  19  2  .677  3 .  954  24 .  11  23 .  69  4 .  61  3 .  96  18 .  16  14 .57  219 .28  278.  86  
BSLE C27 10 .  11  25 .  57  2  .685  4 .  077  25 .  05  25 .  04  4 .  55  3 .  95  18 .  55  14 .03  219 .01  279.  52  
Cyclcs of Ear height, cm Day-to-anthesis, no f Days-to-silk, no | Root lodging, % Stalk lodging, % Stand 
selection Short Long Short Long Short Long Short Long Short Long Short Long 
BSLE CO 117.10  117 .10  90 .16  90 .16  85 .41  85 .41  7 .13  7 .13  14 .18  14 .18  47 .51  47 .51  
BSLE C3 106 .58  133 .73  88 .33  92 .33  83 .66  86 .50  6 .43  6 .20  16 .96  15 .75  47 .62  47 .00  
BSLEC6 112.43  132 .06  90 .66  95 .83  85 .00  89 .00  4 .71  5 .51  12 .45  13 .73  47 .41  45 .08  
BSLE C9 101.86  132 .42  87 .50  95 .83  81 .66  88 .83  5 .12  12 .05  11 .17  14 .63  48 .41  47 .80  
BSLE CI2 093.72  133 .46  86 .83  97 .33  81 .16  89 .66  2 .48  13 .13  14 .20  14 .21  47 .66  47 .08  
BSLEC15 095 .84  132 .60  86 .33  96 .00  81 .33  89 .16  4 .05  6 .13  11 .71  13 .55  48 .91  43 .45  
BSLE C18 093 .01  133 .95  87 .50  97 .33  80 .83  88 .83  3 .79  7 .38  9 .02  16 .02  48 .29  46 .16  
BSLE C21 103 .11  139 .20  88 .16  96 .33  81 .16  89 .33  7 .32  9 .88  12 .26  17 .09  49 .25  48 .70  
BSLE C24 105 .50  135 .08  90 .83  97 .50  82 .33  89 .66  4 .09  14 .82  8 .38  11 .47  46 .16  47 .45  
BSLE C27 105 .22  141 .52  89 .16  98 .16  81 .00  90 .33  6 .91  11 .72  7 .67  14 .88  50 .25  44 .16  
f Number of days from planting date to flowering. 
Table A3. Means for twelve traits measured on the selfed cycles of selection developed of the first 24 cycles of selection obtained 
with divergent mass selection for ear length in the Iowa Long Ear Synthetic (BSLE) maize population. 
Cycles of Ear Length, cm Yield, ton per hectare Moisture, % Ear diameter, % Kernel-row number Plant height, cm 
Selection Short Long Short Long Short Long Short Long Short Long Short Long 
BSLECO 16.18 16.18 2.542 2.542 21.43 21.43 4.06 4.06 15.40 15.40 229.33 229.33 
BSLEC3 15.25 18.34 2.445 2.846 19.99 21.90 4.02 4.06 15.02 15.74 213.39 237.83 
BSLEC6 14.40 17.26 2.215 1.938 20.25 21.53 4.14 3.91 15.68 14.60 211.47 230.81 
BSLEC9 12.35 10.16 2.003 2.085 19.65 19.10 4.19 3.89 16.50 14.08 192.36 247.65 
BSLECI2 12 .57  10 .59  2 .147  2 .538  19 .91  22 .44  4 .31  3 .95  16 .62  14 .49  195.62  253 .04  
BSLEC15 11.50 21.77 1.869 2.260 20.35 21.57 4.17 3.81 16.10 13.94 194.11 255.52 
BSLECI8 11 .52  10 .51  1 .867  2 .136  19 .58  21 .13  4 .23  3 .83  17 .36  14 .67  188 .33  250 .96  
BSLEC21 11 .70  21 .40  1 .802  2 .219  19 .50  23 .03  4 .31  3 .67  17 .78  13 .86  193 .38  252 .41  
BSLEC24 11.40 21.58 1.76 2.225 17.86 21.76 4.24 3.67 17.28 14.10 196.73 251.41 
Cycles of Ear height, cm Days-to-anthesis, no f Days-to-silk, no f Root lodging % Stalk lodging % Stand 
Selection Short Long Short Long Short Long Short Long Short Long Short Long 
BSLECO 108.99 108.99 93.41 93.41 87.00 87.00 7.55 7.55 16.76 16.76 44.85 44.85 
BSLEC3 98.88 119.11 91.16 92.00 84.66 87.33 4.85 4.13 17.53 16.96 43.58 43.79 
BSLEC6 93.67 109.71 92.00 98.50 84.66 90.00 5.01 2.98 15.81 10.99 45.58 40.58 
BSLEC9 89.25 123.02 91.33 98.50 83.83 89.83 5.85 8.45 15.39 16.34 44.75 43.20 
BSLEC12 91 .30  126 .92  88 .66  99 .50  83 .33  90 .16  4 .63  9 .42  15 .00  13 .29  40 .91  43 .66  
BSLECI5 95 .35  126 .92  89 .33  99 .50  83 .33  90 .00  3 .62  10 .41  12 .71  12 .64  45 .00  41 .62  
BSLEC18 83.17 122.90 90.00 99.83 83.00 90.50 3.31 6.56 16.67 13.83 41.20 42.08 
BSLEC21 87.38 127.87 89.66 99.66 83.33 91.00 5.00 9.36 16.28 14.59 41.91 39.79 
BSLEC24 95.18 126.88 89.16 99.66 83.16 90.00 3.70 10.24 11.47 14.19 43.45 40.29 
I Number of days from planting date to flowering. 
Table A4. Means of the crosses between corresponding cycles of selection for longer and shorter after 
24 cycles of divergent mass selection for ear length in the Iowa Long Ear Synthetic (BSLE) maize 
population. 
Ear length Yield, ton/lia Moisture Ear diameter Kernel-row Plant height 
Crosses cm % cm number cm 
BSLE CO X BSLE CO 19.77 4.810 21.12 4.41 15.71 248.49 
BSLE SEC3 X BSLELEC3 18.63 4.490 21.89 4.28 15.75 244.41 
BSLE (SEC6 X BSLE LEC6 18.74 4.200 22.75 4.36 15.87 250.33 
BSLE SEC9 X BSLE LEC9 18.47 4.400 24.10 4.41 15.87 250.61 
BSLE SEC12XBSLE LE 12 18.31 4.787 23.25 4.33 15.75 248.30 
BSLE SEC15XBSLE LE 15 18.10 3.901 23.30 4.38 15.79 242.86 
BSLE SEC18 X BSLE LE 18 18.66 4.185 22.43 4.37 16.40 242.03 
BSLE SEC21 X BSLE LE 21 18.83 4.318 23.88 4.33 16.26 252.34 
BSLE SEC24 x BSLE LE 24 20.09 4.448 23.99 4.28 16.13 252.09 
Ear height Days-to- Days-to- Root lodging Stalk lodging Stalk lodging 
Crosses cm anthesis, no f silk, no t % % % 
BSLE CO X BSLE CO 117.10 90.16 85.41 7.13 4.18 4.18 
BSLE SEC3 X BSLELEC3 119.82 89.33 84.16 6.46 5.12 5.12 
BSLE SEC6 X BSLE LEC6 121.16 93.00 86.16 4.92 3.40 3.40 
BSLE SEC9XBSLE LEC9 124.73 92.50 86.33 5.86 4.13 4.13 
BSLE SEC12XBSLE LE 12 126.16 90.83 86.00 7.06 3.76 3.76 
BSLE SECISxBSLE LE15 116.76 90.83 84.33 5.58 5.16 5.16 
BSLE SEC18XBSLE LE 18 116.96 90.33 85.16 9.57 7.70 7.70 
BSLE SEC21 X BSLE LE 21 124.38 92.50 86.00 8.09 7.69 7.69 
BSLE SEC24XBSLE LE 24 125.67 92.91 86.58 5.58 5.16 5.16 
f Number of days flrom planting date to flowering. 
Table AS. Combined analysis of variance' (mean squares) and regression analysis for the original BSLE maize population 
and the long-ear, and short-ear Iowa Long Ear Synthetic (BSLE) maize selfed subpopulations across environments. 
Source of DF Ear Ear Kernel-row Plant Ear 
variation length, cm diameter, cm number height, cm height, cm 
Environments (E) 5 43.44 1.65 3.81 12212.70 6701.16 
Populations (P) 16 298.41** 0.81** 29.64** 12392.43** 4818.72** 
Linear 2 2245.77** 6.07** 212.37** 88473.85** 32928.49** 
Average linear 1 0.54 0.21 9.93** 228.51 75.63 
Among linear 1 4491.00** 11.94** 414.81** 176719.19** 65781.35** 
Quadratic 2 94.11* 0.07 1.77 8316.37** 3568.74** 
Average linear 1 0.33* 0.06 1.62 575.13* 368.74* 
Among linear 1 187.89** 0.09 1.92 16057.62** 6768.56** 
Deviations 12 7.90 0.05 3.83** 391.53** 342.10 
E X P 80 5.76** 0.10 1.11 102.72 65.46 









anthesis, no } 
Days-to-
silk, no } 
Environments (E) 7 7.14 1509.90 1 6305.28 6180.90 
Populations (P) 16 1.83** 38.04** 16 124.08** 61.68** 
Linear 2 8.58** 213.79** 2 438.51** 442.54** 
Average linear 1 9.93** 11.16 1 28.14** 0.21 
Among linear 1 7.23** 416.43** 1 848.88** 884.88** 
Quadratic 2 0.75 3.15 2 504.60** 41.44** 
Average linear 1 1.50* 0.36 1 898.29** 0.42 
Among linear 1 0.00 5.94 1 110.91** 82.47** 
Deviations 12 0.88 14,56 12 8.25** 1.57 
E X P 108 0.29 16.62 16 2.25 1.47 
Error 238 0.23 15.66 68 4.43 1.48 
Table A5. Continued. 
Source of DP Root Statk Stand 
variation lodRing, % lodginR, % 
EnvlronmentB (B) 7 1599. 51 1670. 61 2369. 73 
Populations (P) 16 156. 57 95. 40** 76. 95** 
Linear 2 785. 74** 141. 76** 236. ,25** 
Average linear 1 97. 68 255. 81* 283, 89** 
Among linear 1 1473. 81** 27. 72 188. ,61** 
Quadratic 2 0. 33 109. 93 1. 02 
Average linear 1 0. 39 53. 85 0, .21 
Among linear 1 0. 27 166. 02 1, .83 
Deviations 12 77. 75** 85. 25* 63. 05** 
E X P 112 42. 48 48. 72 28. 80 
Error 272 38. 21 46. 78 28. 48 
Significant and highly significant at 0.01 and 0.05 probability levels, respectively, 
f Based on mean analysis. 
{Number of days from planting date to flowering. 
§ Based on single observations. 
Table A6. Combined analysis of variance* (mean squares) and regression analysis of 12 traits measured in the 
crosses between corresponding cycles of divergent mass selection for ear length in the BSLE maize 
subpopulations across environments. 
Source of DF Ear Ear Kcmel-row Plant Ear 
variation length, cm diameter, cm number height, cm height, cm 
Environments (E) 5 39.99 1.02 3.18 8534.61 4871.37 
Populations (P) 8 7 .83* 0.04 1.14 392.55** 254.34** 
Linear 1 0 .51 0.05 5.19* 8.13 412.71** 
Deviations 7 8 .87* 0.04 0.56 447.47** 231.71** 
B X P 40 3 .21 0.05 0.99 140.28 61.08 
Error ± 120 3.14 0.05 0.77 143.16 82.03 
Source of DF Yield Moisture DF Days-lo- Days-to-
Variation ton/ha % anlhesis, no | silk, no f 
Environments (E) 6 16.17 847.08 1 2831.43 2992.68 
Populations (P) a 1 .77 21.81** 8 11.64** 3.75** 
Linear 1 2.28 103.83** 1 21.30** 4.41* 
Deviations 7 1 .70* 10.09** 7 10.30** 3.66** 
B X P 48 0 .72 2.25 8 2 .61 0.69 
138 0 .70 2.62 40 2 .49 0.72 
Table A6. Continued. 
Source of DF Root Stalk Stand 
variation lodging, % lodging, % 
Environments (B) 7 1353.27 1566.36 309.18 
Populations (P) 8 59.04 27.03 9.75 
Linear 1 35.43 38.67 2.43 
Deviations 7 62.41 25.37 10.80 
E X P 56 54.60** 48.45* 16.08 
Error 160 C
M 34.18 13.84 
* Highly significant and significant at 0.01 and 0.05 probability levels, respectively, 
t Based on mean analysis. 
f Number of days from planting date to flowering. 
§ Based on analysis of single observations. 
Table A7. Analysis of variance (mean squares) of 12 traits measured on the cycles of selection themselves, their selfed 
generations, and their crosses derived of the Iowa Long Ear Synthetic (BSLE) maize population evaluated in Agronomy 
and Agricultural Engineering Research Center, 1995. 
Source of DF Ear Kernel-row Ear Yield DF Moisture Stand 
variation length, cm number diameter, cm ton/ha % 
Replications 2 1 .22  2 .77  0 .02  3 .92  2  6 .75  70 .  65  
Populations 49 73 .48** 4 .04** 0 .18** 11 .76** 49  17 .86** 84 .  60  
Error 96 2 .67  0 .83  0 .07  0 .72  98  6 .85  18 .  47** 
Total 147 149  
Mean 18.04  15 .93  4 .21  4 .06  25 .39  45 .  43  
CV (%) 9.06  5 .72  6 .48  20 .95  10 .31  9 .  46  
Source of DF Root Stalk Plant Ear Days-to-f Days-to-1 
variation lodging, % lodging, % height, cm height, cm anthcsis silk 
Repl icat ions  2  0 .89  0  .87  174 .06  66 .51  5 .  09  6 .86  
Populat ions  49  15 .63*  59  .52** 2525.84** 978 .78** 43 .  53** 27 .52** 
Error  98  9 .73  31  .02  117 .71  76 .50  2 .  00  1 .05  
Tota l  149 
Mean 2 .12  10  .36  257 .86  129 .45  85 .  17  78 .44  
CV (%) 147.01  53  .74  4 .21  6 .76  1 .  66  1 .31  
^ ** Significant and highly significant at 0.05 and 0.01 probability levels, respectively.§ 
\ Number of days from planting date to flowering. 
Table A8. Analysis of variance (mean squares) of 12 traits measured on the cycles of selection themselves, their selfed 
generations, and their crosses derived of the Iowa Long Ear Synthetic (BSLE) maize population evaluated in 
Agronomy and Agricultural Engineering Research Center, 1996. 
Source of DF Ear Kernel-row Ear Yield Moisture, % Stand 
variation length, cm number diameter .cm ton/ha 
Repl icat ions  2  3 .93  0 .19  0 .25  2 .51  31 .17  16 .11  
Populat ions  49  73 .26** 6 .72** 0 .32** 11 .39** 35 .61** 117 .26** 
Error 98 3 .34  1 .06  0 .04  0 .41  20 .04  62 .03  
Tota l  149 
Mean 19 .37  16 .16  4 .53  4 .47  32 .24  39 .11  
CV (%) 9.44  6 .39  4 .47  14 .33  13 .89  20 .14  
Source of DF Root Stalk Plant Ear Days-to- Days-lo-
variation lodging, 7o lodging, % height, cm height, cm anthcsis f silkf 
Replications 2 31.65 19.57 543.23 38.69 44.24 2.45 
Populations 49 188.25** 55.22**.  2117.77** 711.52** 57.35** 27.80** 
Error 98 66.44 23.82 88.04 61.88 3.78 1.16 
Total 149 
Mean 6.67 11.40 225.49 104.57 99.98 93.67 
CV (%) 122.17 42.80 4.16 7.52 1.94 1.15 
^ ** Significant and highly significant at O.OS and 0.01 probability levels, respectively. 
f Number of days from planting date to flowering. 
Table A9. Analysis of variance (mean squares) of 12 traits measured on the cycles of selection themselves, their 
selfed generations, and their crosses derived of the Iowa Long Ear Synthetic (BSLE) maize population 
evaluated at Atomic Energy Farm, 1995, 
Source of DP Ear Kernel-row Ear Stand Root Sialk 
variation length, cm number diameter ,cm lodfrinf^ % lodfting, % 
Replications 2 7. 61 1.82 0.09 1.62 723.74 33 .57 
Populations 49 52.  02** 4.65** 0.19** 2.41 233.76** 34 .90** 
Error 98 2 .  86 0 .68 0.06 3.00 135.91 25 .97 
Total 149 
Mean 17.  58 15.58 4.26 51.00 9.47 9 .73 
CV (%) 9 .  62 5 .30 5.81 3.40 123.05 52 .36 
Source of DF Yield Moisture Plant Ear 
variation ton/ha % height, cm height, cm 





Populations 49 10.42** 11.81** 1876.83** 841.65** 
Error 97 0 .65 6.12 220.00 124.13 
Total 148 
Mean 3.95 18.73 255.33 129.11 
CV (%) 20.45 13.21 5.81 8.63 
*, ** Significant and highly significant at 0.05 and 0.01 probability levels, respectively. 
Table AlO. Analysis of variance (n^ean squares) of 12 traits measured on the cycles of selection themselves, 
their selfed generations, and their crosses derived of the Iowa Long Ear Synthetic (BSLE) maize 
population evaluated at Atomic Energy Farm, 1996. 
Source of DF Stand Root Stalk Plant Ear 
variation lodging, % lodging, % height, cm height, cm 
Replications 2 7.98 178.31 498.19 1904.17 644.59 
Populations 49 3.38 55.02** 54.94 2243.95** 886.17** 
Error 98 2.79 32.47 58.90 109.27 61.67 
Total 149 
Mean 50.92 8.09 13.11 232.67 108.23 
CV (%) 3.28 70.41 58.52 4.49 7.26 
Source of DF Ear Kernel-row Ear 
variation length, cm number diameter ,cm 
Replication 2 7.71 0.94 0.05 
Populations 49 55.23** 4.78** 0.30** 
Error 95 4.35 0.96 0.08 
Total 146 
Mean 17.26 15.54 4.19 
CV (%) 12.09 6.31 6.90 
*, Significant and highly significant at 0.05 and 0.01 probability levels, respectively. 
Table All. Analysis of variance (mean squares) of 12 traits measured on the cycles of selection 
themselves, their selfed generations, and their crosses derived of the Iowa Long Ear Synthetic 
(BSLE) maize population evaluated at Ankeney Farm, 1995. 
Source of DF Ear Kcmel-row Ear yield Moisture 
variation length, cm number diameter ,cm ton/ha % 
Replications 2 8.50 0.60 0.02 0.71 4.45 
Populations 49 52.30** 4.33** 0.24** 6.18** 13.15** 
Error 95 4 .00 1.00 0.07 0.30 5.15 
Total 146 
Mean 16.67 15.54 3.94 2.63 17.50 
CV (%) 11.99 6.43 6.50 20.90 12.97 
Source of DF Stand Root Stalk Plant Ear 
variation lodging, % lodging, % height, cm height, cm 
Replications 2 13.58 3.62 116.61 290.41 152.00 
Populations 49 7.88** 1.47 53.70** 2128.93** 698.55** 
Error 98 3.80 1.25 30.66 108.65 188.78 
Total 149 
Mean 51.16 0.50 11.51 247.35 123.78 
CV (%) 3.81 224.17 48.09 4 .21 11.10 
*, ** Significant and higiily significant at 0.05 and 0.01 probability levels, respectively. 
Table A12. Analysis of variance (mean squares) of 12 traits measured on the cycles of selection themselves, their 
selfed generations, and their crosses derived of the Iowa Long Ear Synthetic (BSLE) maize population 
evaluated at Ankeney Farm, 1996. 
Source of DF Ear Kemel-row Ear DF Yield Moisture 
variation length, cm number diameter ,cm ton/ha % 
Replications 2 0.02 0.20 0.13 2 1 .74 81.58 
Populations 49 40.98** 5.09** 0.31** 49 6.69** 35.98** 
Error 98 4 .40 0.71 0.04 96 0.46 15.01 
Total 146 147 
Mean 18.21 16.09 4.30 3.36 21.04 
CV (%) 11.52 5.22 4.91 20.07 18.42 
Source of DF Stand Root Stalk Plant Ear 
variation lodging, % lodging, % height, cm height, cm 
Replications 2 42.  91 0.74 164.45 341.53 180.14 
Populations 49 87.  78** 29.32** 78.11** 1946.74** 747.10** 
Error 98 20.  30 6 .57 40.77 125.87 56.55 
Total 149 
Mean 42.  71 2.56 14.67 208.43 85.88 
CV(%) 10.  55 10.17 43.53 5.38 7.84 
Significant and highly significant at 0.05 and 0.01 probability levels, respectively. 
Table A13. Analysis of variance (mean squares) of 12 traits measured on the cycles of selection 
themselves, their selfed generations, and their crosses derived of the Iowa Long Ear Synthetic 
(BSLE) maize population evaluated at Crawfordsville Farm, 1995. 
Source of 
variation 








Replications 2 751.  ,71 31.  96 25.  06 1.  .10 29.  .77 
Populations 49 73.  ,66* 27.  50** 67.  35** 9,  .66** 8.  ,98** 
Error 98 44.  ,89 13.  27 28.  77 0 .  ,29 1.  .69 
Total 149 
Mean 44.  ,13 2 .  67 10.  83 3,  .72 25.  .36 
CV (%) 15.  ,12 136.  50 49.  51 14.  .50 5.  .12 
Significant and highly significant at 0.05 and 0.01 probability levels, respectively. 
Table A14. Analysis of variance (mean squares) of 12 traits measured on the cycles of selection 
themselves, their selfed generations, and their crosses derived of the Iowa Long Ear Synthetic 
(BSLE) maize population evaluated at Greenfield Farm, 1996. 
Source of 
variation 








Replications 2 6.66 740.  98 726.  29 1 .99 2.  ,25 
Populations 49 87.32** 269.  94** 171.  27** 6.72** 2.  .47* 
Error 98 24.33 121.  41 96.  06 0 .67 1.  .43 
Total 149 
Mean 43.72 21.  47 27.  63 3.43 16.  .45 
CV(%) 11.28 51.  31 35.  47 23.86 7.  .27 
Significant and highly significant at 0.05 and 0.01 probability levels, respectively. 
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Table A15. Estimates of linear regression coeflBcients and coefficients of 
determination (r^) for 11 traits measured after 27 generations of divergent mass 
selection for increased and decreased ear length in the BSLE maize populations 
themselves. 
Pnpularions ihemselves 
Traits Long ear Short ear r  
Ear length, cm 0.27±0.03** -0.37*0.03** 0 .97 
Yield, ton/ha -O.OliO.Ol -0.08i0.01** 0 .86 
Moisture, % 0.13±0.03** 0.08±0.03* 0 .64 
Ear diameter, cm(xlO) -0.20±0.01*« O.OliO.Ol** 0 .95 
Kernel-row number, no. -0.06±0.01«* 0.11±0.01** 0 .97 
Plant height, cm 1.54±0.37** -1.59±0.37** 0 .85 
Ear height, cm 0.99±0.25«* -0.a3±0.25** 0 .81 
Days-to-anthesis, no. f 0.33±0.06** -0.12±0.06** 0 • CD
 
Days-to-silk, no. f 0.21±0.04«* -0.21±0.04** 0 .89 
Root lodging, % 0.25±0.08** 0.03±0.08 0 .56 
Stalk lodging, % -0.03±0.05 -0 .25±0.05** 0 .65 
Stand, % o.osto.os 0.67±0.05 0.  32 
** Significant at the 0.05 and 0.01 probability levels, respectively, 
f Number of days from date of planting date to flowering. 
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Table AI6. Estimates of linear regression coefiBcients and coefiBcients of 
determination (r^) for 11 traits measured after 27 generations of divergent mass 
selection for increased and decreased ear length in the BSLE maize selfed 
populations. 
Pnpnlarinn*! selfed 
Traits Long ear Short ear 
Ear length, cm 0.27±0.04** -0 .  26±0.04** 0.94 
Yield, ton/ha -0 .01±0.01 -0 .  03±0.01** 0.60 
Moisture, % 0.05±0.03 -0 .  0910.03** 0.62 
Ear diameter, cm(xlO) -0 .20+0.02** 0 .  1010.02** 0.94 
Kernel-row number, no. -0 .05±0.02** 0 .  10+0.02** 0.89 
Plant height, cm 1.5310.33** -1 .  7510.33** 0.89 
Ear height, cm 1.10±0.24** -0 .  9010.24** 0.85 
Days-to-anthesis, no. f 0.35±0.06** -0 .  9110.06** 0.88 
Days-to-silk, no. f 0.21+0.04** -0 .  1910.04** 0.89 
Root lodging, % 0.19±0.06** -0 .  0610.06 0.62 
Stalk lodging, % -0 .12+0.07 -0 .  0910.07 0.18 
Stand, % -0 .17±0.05** -0 .  0810.05 0.05 
** Signiflcant at the 0.05 and 0.01 probability levels, respectively, 
f Number of days from date of planting date to flowering. 
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Table A17. Estimates of linear regression coefBcients and coefficients 
of determination (r^) for 11 traits measured in the crosses among 
corresponding cycles of selection after 24 generations of 
divergent mass selection for increased and decreased ear length 
in the BSLE maize populations. 
Traits Population crosses 
Ear length, cm 0.01±0.03 0.01 
Yield, ton/ha 0.06±0.02* 0.46 
Moisture, % 0.09±0.03* 0.52 
Ear diameter, cm(xlO) -0 .07±0.04 0.28 
Kernel-row number, no. 0.02±0.01* 0.58 
Plant height, cm 0.14±0.19 0.7 
Ear height, cm 0.17±0.16 0.14 
Days-to-anthesis, no. f 0.08±0.05 0.24 
Days-to-silk, no. f 0.05±0.03 0.20 
Root lodging, % 0.04±0.06 0.06 
Stalk lodging, % -0 .16±0.12 0.38 
Stand, % -0 .01+0.02 0.01 
Significant at the 0.05 and 0.01 probability levels, respectively, 
f Number of days from date of planting date to flowering. 
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Table A18. Linear regression coefBcients for 12 traits measured on the cycles of 
selection themselves of the Iowa Long Ear Synthetic (BSLE) maize population 
after 27 cycles of selection for increased and decreased ear length in Agronomy 
and Agricultural Engineering Research Center, 1995. 
Subpopulations 
Traits Long ear Short ear 
Ear length, cm 0.31±0.04** -0.45±0-04«* 0.96 
Yield, ton/lia (xlO) -0 .02±0.20 -1.10±0.20** 0.71 
Moisture 0.06±0.05 0.09±0.05 0.83 
Ear diameter, cm (xlO) -0 .20±0.04** -0.06±0.04 0.54 
Kernel-row number -0 .04±0.02 0.10±0.02** 0.75 
Plant height, cm 1.6a±0.48** -1.61±0.48** 0.78 
Ear height, cm 1.07±0.26** -1.07±0-26 0.84 
Days-to-anthesis, no f 0.31±0.07*« -0.09±0.07 0.73 
Days-to-silk, no f 0.23±0.04** -0.21±0.04** 0.89 
Root lodging, % 0.04±0.05 -0.18±0.05** 0.62 
Stalk lodging 0.13±0.13 -0.21±0.13 0.32 
Stand -0 .15±0.14 0.17±0.14 0.27 
f Number of days from planting date to flowering. 
Table A19. Linear regression coeflScients for 12 traits measured on the cycles of 
selection themselves of the Iowa Long Ear Synthetic (BSLE) maize population 
after 27 cycles of selection for increased and decreased ear length in Agronomy 
and Agricultural Engineering Research Center, 1996. 
Subpopulations 
Traits Long ear Short ear 
Ear length, cm 0.32±0.05** -0.39±0.05** 0.94 
Yield, ton^a (xlO) -0 .08±0.08 -1.05±0.08** 0.93 
Moisture 0.26±0.05** 0.10±0.05 0.63 
Ear diameter, cm (xlO) -0 .22±0.02** -0.16±0.02 0.93 
Kernel-row number -0 .05±0.01* 0.15±0.01** 0.91 
Plant height, cm 1.32±0.40*» -1.84±0.40** 0.82 
Ear height, cm 0.92±0.27** -0.82±0.27** 0.75 
Days-to-anthesis, no f 0.35±0.05** -0.13±0.05* 0.85 
Days-to-silk, no f 0.18±0.04** -0.2110-04** 0.86 
Root lodging, % 1.04±0.18** 0.15±0.18 0.06 
Stalk lodging 0.28±0.13* -0.02±0.13 0.31 
Stand -0 .04±0.18* 0.12±0.18 0.72 
f Number of days from date to planting to date of flowering. 
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Table A20. Linear regression coe£5cients for 12 traits measured on the cycles of 
selection themselves of the Iowa Long Ear Synthetic (BSLE) maize population 
after 27 cycles of selection for increased and decreased ear length at Atomic 
Energy Farm, 1995. 
Subpopulations 
Traits Long ear Short ear r^ 
Ear length, cm 0.21±0.03** -0.38±0.03** 0.95 
Yield, ton/ha (xlO) -0 .30±0.02 -1.00±0.02** 0.67 
Moisture 0.13±0.04*'* 0 .08±0.04 0.40 
Ear diameter, cm (xlO) -0 .20±0.03** -0.05±0.03 0.72 
Kernel-row number -0 .06±0.01** 0.09±0.01** 0 .91 
Plant height, cm 1.45±0.46* -1.98±0.46«* 0.78 
Ear height, cm 0.99±0.25** -0.83±0.25** 0.81 
Root lodging, % 0.64±0.34 0.02±0.34 0.24 
Stalk lodging -0 .18±0-11 -0.02±0.11 0.18 
Stand 0.02±0.02 0.01±0.02 0.04 
Table A21. Linear regression coeflBcients for 12 traits measured on the cycles of 
selection themselves of the Iowa Long Ear Synthetic (BSLE) maize population 
after 27 cycles of selection for increased and decreased ear length at Atomic 
Energy Farm, 1996. 
Subpopulations 
Traits Long ear Short ear r^ 
Ear length, cm 0.23±0.05** -0.34±0.05** 0.92 
Yield, g/plant f -0 .32±0.65 -1.54±0.65* 0.30 
Moisture 0.13±0.03** 0.08±0.03* 0 .53 
Ear diameter, cm (xlO) -0 .17±0.06* 0.13±0.06* 0.66 
Kernel-row number -0 .05±0.02* 0.11±0.02** 0.80 
Plant height, cm 1.65±0.41** -1.23±0.41** 0.79 
Ear height, cm 1.57±0.27*« -0.39±0.27 0 .81 
Root lodging, % 0.12±0.11 0.09±0.11 0.07 
Stalk lodging -0 .12±0.12 -0.20±0.12 0.14 
Stand 0.03±0.02 0.05±0.02* 0 .24 
t Yield in ton/ha was not available. 
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Table A22. Linear regression coeflScients for 12 traits measured on the cycles of 
selection themselves of the Iowa Long Ear Synthetic (BSLE) maize population 
after 27 cycles of selection for mcreased and decreased ear length at Ankeney 
Farm, 1995. 
Subpopulations 
Traits Long ear Short ear r^ 
Ear length, cm 0.27±0.03** -0.4010.03** 0.97 
Yield, ton/ha (xlO) -0 .20i0.10 -0.6010.10** 0.51 
Moisture 0.08±0.03* 0.1110.03** 0.41 
Ear diameter, cm (xlO) -0 .20±0.02** 0.1010.02** 0.92 
Kernel-row number -0 .06±0.01** 0.0710.01** 0.90 
Plant height, cm 1.72±0.46*« -1.5010.46** 0.78 
Ear height, cm 0.35±0.48 -0.9210.48 0.35 
Root lodging, % 0.01±0.01 0.0110.01 0.01 
Stalk lodging -0 .04±0.13 -0.3210.13* 0.31 
Stand 0.01±0.01 0.0110.01 0.09 
Table A23. Linear regression coefiBcients for 12 traits measured on the cycles of 
selection themselves of the Iowa Long Ear Synthetic (BSLE) maize population 
after 27 cycles of selection for increased and decreased ear length at Ankeney 
Farm, 1996. 
Subpopulations 
Traits Long ear Short ear 
Ear length, cm 0.28±0.05** -0.2710.05** 0.88 
Yield, ton/ha (xlO) -0 .20±0.15 -0.6010.15** 0-53 
Moisture 0.18±0.06* 0.0110.06* 0.42 
Ear diameter, cm (xlO) -0 .2010.04** 0.1510.04** 0.86 
Kernel-row number -0 .08±0.01** 0.1010.01** 0.96 
Plant height, cm 1.56±0.41** -1.6510.41** 0.82 
Ear height, cm 1.39±0.29** -0.8510.29* 0-78 
Root lodging, % 0.33±0.07*« -0.0410.07 0.65 
Stalk lodging 0.24±0.12 -0.3810.12 0.66 
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Figure Al. Correlated response of ear diameter to divergent mass selection for 
increased and decreased ear length in Iowa Long Ear Synthetic maize 
population. 
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Figure A2. Correlated response of kernel-row number to divergent mass 
selection for increased and decreased ear length in Iowa Long Ear 
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Figure A3. Correlated response of days-to-anthesis to divergent mass selection 
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Figure AS.Correlated response of ear height to divergent mass selection for 
increased and decreased ear length in the Iowa Long Ear Synthetic maize 
population. 
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Figure A6. Correlated response of ear height to divergent mass selection for 
increased and decreased ear length in the Iowa Long Ear Synthetic maize 
population. 
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Figure A7. Correlated response of moisture to divergent mass selection 
for increased and decreased ear length in Iowa Long Ear Synthetic 
population. 
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Figure A8. Correlated response of stand to divergent mass selection for 
increased and decreased ear length in Iowa Long Ear Synthetic 
population. 
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Figure A9. Correlated response of root lodging to divergent mass selection 
for increased and decreased ear length in Iowa Long Ear Synthetic 
population. 
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Figure AlO. Correlated response of stalk lodging to divergent mass selection 
for increased and decreased ear length in Iowa Long Ear Synthetic 
population. 
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appendix b. results of experiment 2 
Table BI. Combined analysis of variance (means squares)of 11 traits measured on the SI progenies developed 
from the original (CO), C(M-L)24, and C(M-S)24 BSLE maize subpopulations evaluated in four 
environments. 
Source of DF Ear Yield Kcmel-row Ear Stand 
variation length, cm g/plant number Diameter, cm 
Environments (E) 3 166.25 42020.33 50.00 10.93 5443.04 
Seta (S) 9 42.05 5299.22 26.63 0.55 53.58 
E X S 27 26.08 1414.18 6.12 0.39 70.35 
Replicationa/ES 40 10.34 761.51 4.28 0.43 17.98 
Populations (P)/S 20 2393.77** 20097.26 406.27** 10.02 70.72 
E X P/S 60 21.84 731.45 5.36 0.40 20.81 
Pooled error a 60 13.84 519.58 3.47 0.26 6.52 
Lines (G)/P/S 270 37.86** 2065.56** 18.65** 0.75** 49.29** 
CO 90 21.63** 1586.62** 11.94** 0.40** 59.12** 
C27LE t 90 56.68** 2499.91** 15.04** 0.55** 53.99** 
C27SE } 90 35.28** 2110.14** 28.98** 1.29** 35.76** 
E X G/P/S 797 15.17** 689.11** 3.93** 0.29 19.92** 
CO 264 4.64 655.04** 1.35** 0.12 23.64** 
C27LE 266 26.46** 790.30 1.43** 0.25* 20.14** 
C27SE 267 14.36 621.98** 8.96** 0.50 16.02** 
Pooled error b 1021 12.10 531.86 2.94 0.26 6.67 
CO 340 3.99 440.14 0.97 0.14 6.94 
C27LE 347 18.03 693.30 1.36 0.20 7.22 
C27SE 334 14.21 456.77 6.57 0.45 5.83 
Total 2327 
Mean 17.68 100.39 15.86 4.32 19.22 
CV % 19.68 3.74 10.79 11.83 13.44 
Table Bl. Continued. 
source of Days-to- Days-to- Plant Ear Root 
variation anthesis, no } silk, no height, cm height, cm lodging, % 
Environments (E) 94937.19 90651.84 119907.55 67981.71 4227.13 
Sets (S) 56.11 17.53 3443.51 3017.47 980.84 
E X s 16.40 7.46 790.16 397.03 297.89 
Replications/ES 6.94 9.32 533.32 302.23 63.82 
Populations (P)/S 415.12** 392.15** 67902.84** 27933.29** 1278.21** 
E X P/S 5.61 3.96 359.33* 161.32 219.89** 
Pooled error a 6.93 2.48 160.61 117.91 51.99 
Lines (G)/P/S 45.31** 26.64** 2054.47** 1293.53** 350.27** 
CO 55.06** 25.44** 2260.21 1263.89 354.98** 
C27LE 19.31** 26.25** 1633.49 1274.99 657.82** 
C27SE 61.57** 28.23** 2269.72 1341.72 38.02* 
E X G/P/S 6.82 3.10 226.84 136.81 113.09 
CO 5.22 2.76 246.52 135.52 139.20 
C27LE 3.43 3.51 252.82 162.07 181.63 
C27SE 11.47 3.03 181.49 112.91 19.00 
Pooled error b 5.47 2.42 150.94 92.27 58.19 
CO 4.74 2.45 152.20 82.97 77.64 
C27LE 3.15 2.59 175.48 109.82 80.24 
C27SE 8.50 2.42 124.16 83.49 15.47 
Total 
Mean 95.46 89.09 210.08 100.92 5.11 
CV % 2.44 1.74 5.85 9.52 149.07 
Table Bl. Continued. 
Stalk 
Sources Lodging, % 
Environment (E) 1309.62 
Set (S) 534.84 
E X S 210.38 
Replicationa/BS 115.87 
Populatione (P)/S 642.87** 
E X P/S 128.76* 
Pooled error a 68.07 














CV % 103.61 
** Significant and highly significant at 0.01 and 0.05 probability levels, respectively, 
f L is long ear subpopulation and S is short-ear subpopulation. 
I Number of days from planting date to flowering. 
Table B2. Analysis of variance of the 300 SI progenies developed from the original BSLE maize population and from the 
C(M-L)24 and C(M-S)24 selected BSLE maize subpopulations evaluated in Agronomy and Agricultural Engineering 
Research Center, 1995. 
Source of DF Ear Yield Ear Kernel-row Plant Ear 
variation length, cm g/plant diameter,cn\ number height, cm height, cm 
Sets (S) 9 44  .81  2253.  09  0 .  50  7 .  78  1261.  71  1198.  33  
Replications (R) 10 17  .87  429 .  51  0 .  52  4 .  ,06  308 .  57  313 .  96  
Populations (P)/S 20 612  .51** 5116.  30** 2 .  ,09** 110 .  ,38**  20549.  51** 8201.  46** 
RxP/S 20 26  .40  521 .  93  0 .  ,17  3 .  ,33  150 .  59  202 .  52  
Lines (G)/P/S 270 27  .50  951 .  50** 0 .  ,27  7 .  .08  729 .  72** 498 .  09  
CO 90 10  .28** 791 .  92** 0 .  .28  4 .  .03**  717 .  38** 443 .  43** 
C24LE t 90 23  .79  943 .  86** 0 .  ,21  7 .  .47**  615 .  29  484 .  24** 
C24SE t 90 48  .40  1118.  72** 0 .  ,32  9 .  .37**  856 .  48  566 .  63** 
Error 258 22  .58  430 .  74  0 .  .25  2 .  .48  222 .  28  140 .  39  
CO 87 6  .01  445 .  43  0 .  .24  0 .  .83  208 .  16  114 .  94  
C24LE 85 19  .23  475 .  86  0 .  .20  2 .  .79  276 .  66  160 .  08  
C24SE 86 46  .66  371 .  30  0 ,  .31  3 ,  .85  182 .  83  146 .  69  
Total 587 
Mean 17 .51  98 .  68  4 .  .19  15 ,  .69  220 .  16  110 .  02  
CV(%) 27 .13  21 ,  03  11 ,  ,91  10  .04  6 .  77  10 .  ,77  
Table B2. Continued. 
Source of DF Days-to- Days-to- Root Stalk Stand 
variation anihesis, no } silk, no } lodging % lodging, % 
Sets (S) 9 43 .  ,20  12 .  84  128 .  77  82 .  44  37 .  28  
Replications (R) 10 5 .  ,61  9 .  .84  146 .  ,72  50 .  26  3 .  35  
Populations (P)/S 20 213 .  ,90**  173 .  .48**  355 .  .17  88 .  ,44  51 ,  ,31  
RxP/S 20 5 .  36  3 .  ,53  156 .  .99  42 .  ,54  B.  ,35  
Lines (G)/P/S 270 22 .  48  13 .  ,49  177 .  ,57**  45 .  ,74  46 .  ,53  
CO 90 26 .  .86**  12 .  ,72**  246 .  ,75**  67 .  ,64  64 .  ,57**  
C24LE t 90 7 .  .87**  13 .  ,06**  185 .  ,54**  37 .  ,84  45 .  ,07**  
C24SE t 90 32 .  .71**  14 .  .67**  100 .  ,41**  31 .  ,76**  29 .  ,94**  
Error 258 5 ,  .10  2 ,  .99  86 .  ,53  38 .  ,61  9 ,  ,44  
CO 87 5 .  .42  2 ,  .70  146 .  .24  63 .  .86  11 .  .89  
C24LE 85 2 .  .23  3 ,  .46  79 .  .47  35 ,  .65  9 ,  .59  
C24SE 86 7 .  .64  2 .  .85  33 .  .11  15 .  .98  6 .  .82  
Total 587 
Mean 86.  .32  80 .  .18  8 ,  .39  3 .  .59  17 .  .67  
CC (%) 2 .62  2  .16  110  .89  172 ,  .98  17 .  ,39  
Significant and highly significant at 0.05 and 0.01 probability levels, respectively, 
f 24^*^ selected populations for longer and shorter ear. 
f Number of days from date to planting to date of flowering. 
Table B3. Analysis of variance of the 300 SI progenies developed from the original BSLE maize population and from the 
C(M-L)24 and C(M-S)24 selected BSLE maize subpopulations evaluated in Agronomy and Agricultural Engineering 
Research Center, 1996.. 
Source of DF Ear Yield Ear Kemel-row Plant Ear 
variation length, cm g/plant diameter, cm number height, cm height, cm 
Sets (S) 9 15. 84 3392. 99 0. 12 5. ,72 1150. 21 1230. 68 
Replications (R) 10 8. 98 1377. 50 0. 44 2. ,23 634. 25 246. 90 
Populations (P)/S 20 976. 48** 7594. 69** 3. .56** 115. ,90** 15302. 48** 6186. 92** 
RxP/S 20 7. 04 504. 88 0, ,34 1. ,37 226. 56 90. 40 
Lines (G)/P/S 268 13. 17** 1306. 61** 0. ,41** 7. .02** 586. 46** 362. 66** 
CO 88 6. 14** 1071. 01** 0. ,13** 4. ,95** 685. 13** 329. 31** 
C27LE t 90 23. 84** 1973. 30 0, ,25** 4. ,72** 453. 31** 383. 61** 
C27SE t 90 9. 37** 870. 27** 0. ,84 11. ,35** 623. 
CM 374. 30** 





 40 0. ,26 1. ,14 132. 54 80. 14 
CO 87 2. 77 431. 15 0. .04 0. .87 157. 09 92. 61 
C27LE 88 11. 69 1469. 82 0, .08 0, ,70 147. 52 93. 79 
C27SE 88 4. 17 525. 94 0, .64 1, .85 93. 30 54. 16 
Total 590 
Mean 18. 35 110. 71 4. .42 16. .29 196. 95 90. 65 
CV (%) 13. 59 25. 71 11, .42 6. ,56 5. 84 9. 87 
Table B3. Continued. 
Source of DF Days-to- Days-to- Root Slalk Stand 
variation anthesis, no. { silk, no. { lodging % lodging % 
Sets (S) 9 38. 21 11. 52 241 .82 104. 53 223. 63 
Replications (R) 10 8. ,37 9, ,20 86. 94 35. 72 62. 19 
Populations (P)/S 20 208. ,53** 225, ,26** 372. 17** 118. ,52 70, ,91 
RxP/S 20 8. ,57 1, ,45 34. 81 42, ,89 14, ,36 
Lines (G)/P/S 268 30, ,43** 16, ,75** 99. 35* 66, ,82** 50, ,19** 
CO 88 35, ,33** 16, ,19** 119. 38** 104, ,01** 53, ,60** 
C24LE 90 15, .38 16, ,97* 147. 68 75, ,54 53, .05 
C24SE 90 40, .69** 17, ,08** 33. 42 21, ,73** 44, ,01** 
Error 263 5. ,79 1, .85 79. 96 38, .49 11, .48 
CO 87 4. .05 1, .80 55. 32 38. .59 10, .45 
C24LE 88 4. .03 1. .73 146. 68 65. .15 12, .19 
C24SE 88 9, .27 2. .00 35. 11 11, .75 11, .78 
Total 590 
Mean 104, .58 97 .96 7. 31 4. .32 15, .75 
CV(%) 2 .30 1 .39 121. 52 143. ,55 21, ,50 
** Significant and highly significant at 0.05 and 0.01 probability levels, respectively, 
f 24"* selected populations for longer and shorter ear. 
t Number of days from date to planting to date of flowering. 
Table B4. Analysis of variance of the 300 SI progenies developed from the original BSLE maize population and 
from the C(M-L)24 and C(M-S)24 selected BSLE maize subpopulations evaluated in Atomic Energy Farm, 
1995. 
DF Ear Yield Ear Kernel-row Plant 
length, cm g/plant diameter, cm number height, cm 
Sets (S) 9 22.06 1084.26 0.20 23.08 947.72 
Replications (R) 10 3.89 474.83 0.29 10.77 616.21 
Populations (P)/S 20 701.42** 5322.97** 2.00** 112.98** 18822.87** 
RxP/S 20 12.09 752.62 0.11 8.43 158.51 
Lines (G)/P/S 260 25.21** 1025.13** 0.32** 11.44** 906.31** 
CO 86 11.56** 900.82** 0.20 3.78** 1050.52** 
C24LE t 87 54.88** 1047.19** 0.26** 3.45** 835.73** 
C24SE t 87 9.02** 1125.95** 0.50** 26.95 834.37** 
Error 241 11.12 474.01 0.17 7.27 135.73 
CO 80 5.47 408.09 0.18 1.08 121.64 
C24LE 83 23.27 530.52 0.11 1.35 154.40 
C24SE 78 3.99 481.46 0.22 19.92 130.33 
Total S60 
Mean 17.71 101.41 4.23 15.72 225.68 
CC (%) 18.83 21.47 9.69 17.15 5.16 
Table B4. Continued. 
Source of DF Ear Root Stalk Stand 
variation height, cm lodging. % lodging. % 
Sets (S) 9 453. 63 424. 68 504. 41 3. 28 
Replications (R) 10 445. 05 150. 13 168. 78 1. 75 
Populations (P)/S 20 7118. 00** 94. 78 194. 59 4. .87 
RxP/S 20 129. 70 41. 43 77. 32 2. .03 
Lines (G)/P/S 260 460. 24** 111. 52** 118. 79** 4. .46** 
CO 86 451. 40** 
00 68 134. 63* 2. ,95** 
C24LE 87 490. 86** 116. 03** 131. 48** 6. ,91** 
C24SE 87 438. 35** 130. 56** 90. 45** 3, .49** 
Error 241 76. 98 65. 23 62. 68 1. .64 
CO 80 56. 81 83. 40 83. 77 1. .32 





89 57. 14 48. 25 1, .51 
Total 560 
Mean 110. .93 9, .81 10. 04 22 .10 
CV (%) 7. .91 82. .31 78. .87 5 .79 
Significant and (lighly significant at O.OS and 0.01 probability levels, respectively. 
124"* selected populations for longer and shorter ear. 
Table B5. Analysis of variance of the 300 SI progenies developed from the original BSLE maize population 
and from the C(M-L)24 and C(M-S)24 selected BSLE maize subpopulations evaluated in Atomic Energy 
Farm, 1996. 
Sourcc of DF Ear Yield Ear Kemel-row Plant 
variation length, cm g/plant diameter, cm number height, cm 
Sets (S) 9 29. 63 3219. 65 1. 06 5. 35 3101. 59 
Replications (R) 10 7. 65 845. 01 0. 67 0. 75 580. 54 
Populations (P)/S 20 687. 56** 4534. 48** 3. 89** 88. ,92** 15142. 49** 
RxP/S 20 7. 48 380. 70 0. ,36 0. ,89 107. 41 
Lines (G)/P/S 270 20. 43** 933. 07** 0. ,67** 5. , 44** 543. 23** 
CO 90 11. 24** 871. 27** 0. .23 5. ,51** 579. 62** 
C24LE t 90 38. 22** 945. 20** 0. ,57 3. ,92** 481. 79** 
C24SE t 90 11. 84** 982. 75** 1, ,20** 9, .13** 568. 29** 
Error 261 10. 01 427. 85 0. ,43 1. .28 93. 91 
CO 85 4. 43 508. 15 0. ,18 1, .12 116. 49 
C24LE 90 20. 06 301. 52 0. ,41 0, .60 77. 45 
C24SE 86 5. 00 480. 69 0, .71 2 .  16 88. 83 
Total 590 
Mean 17. 12 90. ,05 4, .46 15 .74 197. 99 
CV (%) 18. ,48 22. ,97 14 .75 7 .19 4. ,89 
Table B5. Continued. 
Source of DF Ear Root Stalk Stand 
variation height, cm lodging, % lodging, % 
Seats (S) 9 1425. 38 306. 47 661. 44 11. ,17 
Replications (R) 10 207. 15 73. 94 86. 93 3. ,27 
Populations (P)/S 20 7175. 16** 230. 99** 178. 56** a. .85 
RxP/S 20 53. 71 37. 97 31. 12 3. ,90 
Lines (G)/P/S 270 406. 76** 73. 78** 56. 81 8. ,64** 
CO 90 449. 64** 100. 22** 71. 24* 9. ,62** 
C24LE 90 430. 06** 91. 71* 63. 09 9, ,96** 
C24SE 90 340. 58** 29. 42* 24. 11 6. ,33** 
Error 261 69. 04 41. 55 44. 79 2. ,96 
CO 85 62. 31 45. 74 44. 89 3, ,63 
C24LE 90 93. 24 57. 41 60. 18 2, .75 
C24SE 86 50. 37 20. 83 28. 58 2 .52 
Total 590 
Mean 92. 21 6. 40 6. 06 21. .51 
CV (%) 9. 01 100. 76 110. 42 8 .00 
Significant and highly significant at 0.05 and 0.01 probability levels, respectively. 
\ 24"* selected populations for longer and shorter ear. 
Table B6. Average for location and combined of 11 traits evaluated on 300 SI lines developed from the original 
BSLE maize population (CO) and from the C(M-L)24 and C(M-S)24 BSLE maize subpopulations. 
Traits A. Farm, 1995 f A. Farm, 1996 A . Energy, 19951 A. Energy, 1996 Combined 
Ear length, cm 17. 51 18. 35 17. 71 17.12 17.68 
yield, g/plant 98. 68 110. 87 101. 41 90.05 100.39 
Bar diameter, cm 4. 19 4. 42 4. 23 4.46 4.32 
Kernel-row number 15. 69 16. 29 15. 72 15.74 15.85 
Plant height, cm 220. 16 196. 95 225. 68 197.99 210.08 
Ear height, cm 110. 02 90. 65 110. 93 92.21 100.92 
Days-to-anthesis, § 86. 32 104. 58 
_1l _____ 95.46 
Days-to-ailk, § 80. 18 97. 96 89.09 
Root lodging, % a. 39 7. 31 9. ,81 6.40 5.11 
Stalk lodging, % 3. 59 4. 32 10. 04 6.06 7.97 
Stand 17. 67 15. 75 22. ,10 21.51 19.22 
\ Agronomy and Agricultural Engineering Research Center. 
I L indicates selection for increased ear length and S indicates selection for decreased ear length. 
§ Number of days from date of planting to date of flowering. 
^ Data were no available. 
Table B7. Comparison between means of 11 traits evaluated on 300 SI tines developed from the original BSLE 
maize population (CO) and from the C(M-L)24 and C(M-S)24 BSLE maize subpopulations. 
Traits BSLE CO BSLE C(M-L)24 |  DifTcrence BSLE C(M-S)241 Diflerencc 
Bar length, cm 17. 91 23. 51 5. 6 11. 51 -6. 4 
Yield, g/plant 113. 82 104. 35 -9. 47 83. 33 -30. 49 
Ear diameter, cm 4. 32 3. 97 -0, 35 4. 68 0. 36 
Kernel row number 15. 25 14. 02 -1. 23 18. 36 3. 11 
Plant height, cm 211. 28 238. 58 27. 30 179. 93 -31. 35 
Ear height, cm 98. 65 120. 61 21. 96 83. 18 -15. 47 
Days-to-anthesiB, J 94. 55 98. 95 3. 95 92. 90 -1. 65 
Daya-to-silk, | 88. 95 92. 33 3. 38 85. 98 -2. 97 
Root lodging, % 5. 35 8. 44 3. 09 1. 50 -9. 65 
Stalk lodging, % a .  91 9. 88 0 .  97 5. 07 - 3 .  84 
Stand 18. 98 19. 19 0. 21 19. 48 0. 05 
ILE indicates  se lec t ion  for  increased  ear  l ength  and  SE indicates  se lec t ion  for  decreased  ear  l ength .  
} Number of days from date of planting to date of flowering. 
Table B8. Estimates of genetic variances obtained of the analysis of 300 SI lines developed from the 
original BSLE maize population (CO) and from the C(M-L)24 and C(M-S)24 BSLE maize 
subpopulations. 
Traits BSLE CO BSLEC(M-L)24 f BSLEC(M-S)24 j 
Ear length, cm 2.12±0.40 3.7811.08 2.6110.67 
yield, g/plant 116.45±30.09 213.70146.85 186.24139.46 
Ear diameter, cm 0.03±0.01 0.0410.01 0.0110.02 
Kernel-row number 1.32±0.22 1.7010.28 2.5010.54 
Plant height, cm 251.71141.74 172.58130.23 261.03141.86 
Ear height, cm 141.05±23.34 139.16123.56 153.60124.76 
Daya-to-anthesiB, f 12.4612.04 3.9710.72 12.4512.31 
Days-to-silk, } 5.6710.94 5.6910.98 6.3011.05 
Root lodging, % 26.9716.71 59.52112.28 2.3810.73 
Stalk lodging, % 25.5415.41 20.9717.90 11.3912.67 
Stand 4.3111.10 4.23+1.08 2.4610.68 
f LE indicates selection for increased ear length and SE Indicates selection for decreased ear length. 
I Number of days from date of planting to date of flowering. 
Table B9. Genotype x Environment interaction variances estimated on the 300 SI lines developed 
from the original BSLE maize population (CO) and from the C(M-L)24 and C(M-S)24 BSLE 
maize subpopulations. 
Trails BSLE CO BSLE C(M-L)24 t BSLE C(M-S)24 f 
Bar length, cm 0,3410.25 4.1911.33 0.0810.83 
Yield, g/plant 107.4B±33.10 48.16143.07 83.61132.09 
Ear diameter, cm 0.0110.01 0.0310.01 0.0210.03 
Kernel row number 0.1910.07 0.9410.08 1.2010.46 
Plant height, cm 47.16112.20 38.67112.78 28.6619.17 
Ear height, cm 26.2716.68 16.1218.14 24.76114.71 
Days-to-antheais, | 0.2410.46 0.1410.30 1.6310.98 
Days-to-silk, { 0.2610.24 0.4610.29 0.3110.26 
Root lodging, % 30.7816.73 50.7018.41 1.7711.01 
Stalk lodging, % 1.0514.87 4.2413.29 6.4712.53 
Stand 8.3511.06 6.4610.91 5.09610.73 
[ LE indicates selection for increased ear length and SE indicates selection for decreased ear length 
t Number of days from date of planting to date of flovvering. 
Table BlO.Genetic coefficients of variability estimated in the 300 SI lines developed 
from the original BSLE maize population (CO) and from the C(M-L)24 and 
C(M-S)24 BSLE maize subpopulations. 
Traits BSLE CO BSLE C(M-L)241 BSLE C(M-S)24 \ 
Ear length, cm 8. 13 8. 27 14.04 
Yield, g/plant 9. 48 14. 01 16.38 
Ear diameter, cm 4. 01 5. 04 6.75 
Kernel row number 7. 53 9. 30 8.61 
Plant height, cm 7. 51 5. 51 8.98 
Ear height, cm 12. 03 9. 79 14.90 
Days-to-antheais, { 3. 73 2. 01 3.80 
Daya-to-silk, } 2. 68 2. 58 2.92 
Root lodging, % 97. 01 91. 41 49.93 
Stalk lodging, % 56. 72 46. 35 66.56 
Stand 10. 94 10. 72 8.05 
(LE indicates  se lec t ion  for  increased  ear  l ength  and  SE indicates  se lec t ion  for  decreased  ear  l e lngth  
} Number of days from date of planting to date of flowering. 
Table Bll. Genetic variances and heritabilities on single-plant basis of 11 traits measured on 100 SI progenies 
developed from the original BSLE maize population evaluated in four environments. 
Genetic Ear Kernel-row Ear Yield Days-to- Days-to-
Parameters length, cm number diameter, cm g/plant anthesis, no f silk, no 1 
Genet ic  var iances  
A.  Farm'  1995 2 .13  1 .60  0 .02  173 .25  10 .72  5 .01  
A.  Farm 1996 1 .69  2 .04  0 .04  319 .93  15 .64  7 .19  
A.  Energy* 1995 2 .44  1 .32  0 .03  228 .37  
_1I 
A.  Energy 1996 3 .41  1 .23  0 .02  181 .56  
— — 
Heri tabi l i t ies  (%) 
A.  Farm 1995 3 .42  16 .24  0 .73  3 .74  16 .49  15 .71  
A.  Farm 1996 5 .75  18 .96  9 .48  6 .91  27 .86  28 .54  
A.  Energy 1995 8 .92  10 .80  3 .53  5 .79  
A.  Energy 1996 7 .15  9 .89  1 .28  3 .45  
Table B11. Continued. 
Genetic Stand Root Stalk Plant Ear 
parameters lodging, % lodging, % height, cm height, cm 
Genetic variances 
A. Farm 1995 26.35 17.16 50.26 254.61 164.24 
A. Farm 1996 21.57 36.47 32.03 264.02 118.35 
A. Energy 1995 0.79 95.59 1.62 461.26 193.83 
A. Energy 1996 2.99 72.26 27.42 231,57 193.66 
Heritabilities (%) 
A. Farm 1995 18.13 2.61 3.32 10.89 12.50 
A. Farm 1996 17.11 5.68 5.47 14.38 11.33 
A. Energy 1995 5.57 6.81 0.19 27.49 25.44 
A. Energy 1996 7.61 7.34 5.65 19.48 23.71 
} Number of days from planting date to flowering. 
} Agronomy and Agricultural Engineering Research Center. 
§ Atomic Energy Farm. 
^ Data were not available. 
Table B12. Genetic variances and heritabilities on single-plant basis of 11 traits measured on 100 SI progenies 
developed from the long-ear BSLE maize subpopulation evaluated in four environments. 
Genetic Ear Kernel-row Ear Yield Days-to- Days-to-
Parameters length, cm number diameter, cm g/plant anthesis, no |  silk, no t 
Genetic variances 
A. Farm' 1995 2.20 2.31 0.04 222.32 2.28 4.78 
A. Farm 1996 6.08 2.01 0.08 251.74 5.67 7.62 
A. Energy* 1995 16.12 1.05 O.OB 260.57 
_TI 
A. Energy 1996 9.89 1.66 0.08 312.12 
Heritabilities (%) 
A. Farm 1995 1.13 7.71 0.20 4.46 9.27 12.14 
A. Farm 1996 4.94 22.56 8.99 1.68 12.34 30.70 
A. Energy 1995 6.48 7.22 6.46 4.68 
A. Energy 1996 5.09 21.59 1.99 9.43 
— — 
Table B12. Continued. 
Genetic Stand Root Stalk Plant Ear height. 
parameters lodging, % lodging, % height, cm cm 
Genetic variances 
A. Farm' 1995 18.24 7.06 52.78 173.16 161.25 
A. Farm 1996 20.43 75.18 -0.25 152.90 144.91 
A. Energy* 1995 2.46 190.39 29.77 336.61 200.99 
A. Energy 1996 3.58 173.24 17.85 201.54 166.58 
Heritabilities (%) 
A. Farm 1995 15.98 0.88 12.89 5.89 9.15 
A. Farm 1996 14.36 9.87 0.00 9.39 13.82 
A. Energy 1995 10.71 10.54 5.11 17.89 17.81 
A. Energy 1996 11.41 19.09 3.04 20.65 15.16 
t Number or days Trom planting date to flowering. 
{ Agronomy and Agricultural Engineering Research Center. 
§ Atomic Energy Farm. 
^ Data were not available. 
Table B13. Genetic variances and heritabilities on single-plant basis of 11 traits measured on 100 SI progenies 
developed from the short- ear BSLE maize subpopulation evaluated in four environments. 
Genetic Ear Kernel-row Ear Yield Days-to- Days-to-
Parameters length, cm number diameter, cm g/plant anthesis, no |  silk, no 1 
Genetic variances 
A. Farm' 1995 2.87 2.94 0.01 373.71 12.54 5.92 
A. Farm 1996 2.62 4.59 0.11 153.56 15.56 7.36 
A. Energy* 1995 2.62 3.37 0.14 309.69 
-J _ 
A. Energy 1996 3.39 3.66 0.20 232.47 
Heritabilities (%) 
A. Farm 1995 0.67 7.09 0.29 9.14 14.12 9.14 
A. Farm 1996 38.18 20.90 1.74 2.82 14.20 2.82 
A. Energy 1995 6.56 1.64 5.81 6.06 
A. Energy 1996 6.31 25.72 3.10 4.98 
— 












A. Farm 1995 11.56 3.29 33.65 336.83 209.97 
A. Farm 1996 15.97 -0.11 -1.03 263.84 158.91 
A. Energy 1995 0.96 1.52 36.53 351.66 178.74 
A. Energy 1996 1.91 12.75 3.98 235.69 142.66 
Heritabilities (%) 
A. Farm 1995 14.50 9.23 9.23 15.66 12.52 
A. Farm 1996 12.02 0.00 0.00 22.04 22.68 
A. Energy 1995 5.90 6.06 0.06 21.25 18.09 
A. Energy 1996 7.12 1.83 1.83 20.97 22.07 
f Number of days from planting date to flowering. 
{ Agronomy and Agricultural Engineering Research Center. 
§ Atomic Energy Farm. 
^ Data were not available. 
Table B14. Phenotypic correlation among 11 traits measured in the original Iowa Long Ear Synthetic (BSLE) maize population. 
Traits Ear yield Ear diam Kemel-row Plant Ear Days-to-an Days-to- Stand Root Stalk 
length cm g/plant ter, cm number height, cm height, cm thesis silk lodging, cm lodging, cm 
Ear leng 1.00 0.11 -0.08 -0.28 0.17 0.21 -0.37 -0.30 -0.29 0.21 -0.20 
th, cm 
Yield 0.11 1.00 0.45 0.01 0.14 0.03 -0.15 0.05 -0.24 0.01 0.02 
g/ptant 
Ear diam -0.08 0.45 1.00 0.36 -0.09 -0.12 -0.20 0.06 -0.19 0.01 0.04 
ctcr, cm 
Keracl-row -0.28 0.01 0.36 1.00 0.02 -0.07 -0.10 -0.05 0.06 -0.13 0.25 
number 
Plant 0.17 0.14 -0.09 0.02 1.00 0.76 0.23 0.20 0.07 0.06 0.03 
height, cm 
Ear 0.21 0.03 -0.12 -0.07 0.76 1.00 0.39 0.40 0.01 0.07 0.19 
height, cm 
Days-to-an -0.37 -0.15 -0.20 -0.10 0.23 0.39 1.00 0.77 -0.28 0.16 -0.07 
thesis f 
Days-to- -0.30 0.05 0.05 -0.05 0.20 0.40 0.77 1.00 -0.41 0.14 -0.03 
silk f 
Stand -0.29 -0.24 -0.19 0.06 0.07 0.01 -0.28 -0.41 1.00 -0.02 0.08 
Root 0.21 0.01 0.01 -0.13 0.06 0.07 0.16 0.14 -0.02 1.00 0.09 
lodging, cm 
Stalk -0.20 0.02 0.04 0.25 0.03 0.19 -0.07 -0.03 0.08 0.09 1.00 
lodging, cm 
f Number of days from planting date to flowering. 
Table BIS. Genetic correlation among 11 traits measured in the original Iowa Long Ear Synthetic (BSLE) maize population. 
Traits Ear length yield Ear diam Kerael-row Plant Ear Days-to-an Days-to- Stand Root Stalk 
cm g/plant ter, cm number height, cm height, cm thesis silk lodging.cm lodging,cm 
Ear length 1.00 -0.07 -0.22 -0.34 0.19 0.23 0.51 0.42 -0.36 0.27 -0.26 
cm 
Yield -0.07 1.00 0.54 -0.05 0.18 0.02 -0.19 0.14 -0.26 0.03 0.04 
g^plant 
Ear diame -0.22 0.54 1.00 0.40 -0.13 -0.15 -0.32 -0.04 -0.27 -0.04 0.11 
(er, cm 
Kernel-row -0.34 -0.05 0.40 1.00 0.02 -0.02 -0.16 -0.06 0.09 -0,18 0.36 
number 
Plant 0.19 0.18 -0.13 0.02 1.00 0.77 0.27 0.22 0.05 0.05 0.03 
height, cm 
Ear 0.23 0.02 -0.15 -0.02 0.77 1.00 0.45 0.45 -0.05 0.08 0.22 
height, cm 
Days-to-an 0.51 -0.19 -0.32 -0.16 0.27 0.45 1.00 0.79 -0.35 0.52 -0.04 
thesis t 
Days-to- 0.42 0.14 -0.04 -0.06 0.22 0.45 0.79 1.00 -0.47 0.42 0.01 
silk f 
Stand -0.36 -0.26 -0.27 0.09 0.05 -0.05 -0.35 -0.47 1.00 -0.05 0.13 
Root 0.27 0.03 -0.04 -0.18 0.05 0.08 0.52 0.42 -0.05 1.00 0.20 
lodging.cm 
Stalk -0.26 0.04 0.11 0.36 0.03 0.22 -0.04 0.01 0.13 0.20 1.00 
lodging,cm 
f Number of days from planting date to flowering. 
Table B16. Genetic correlation among 11 traits measured in the 24"* selected population for shorter ear in the Iowa Long Ear 
Synthetic (BSLE) maize population. 
Traits Ear length yield Ear diam Kernel-row Plant Ear Days-to-an Days-to- Stand Root Stalk 
cm g/plant ter, cm number height, cm height, cm thesis silk lodging.cm lodging,cm 
Ear length 1 . 0 0  0 . 6 9  - 0 . 1 8  - 0 . 3 1  0 . 4 5  0 . 5 7  0 . 1 1  0 . 1 9  - 0 . 0 2  0 . 8 3  0 . 6 0  
cm 
Yield 0 . 6 9  1 . 0 0  - 0 . 0 3  0 . 1 2  0 . 6 5  0 . 6 4  - 0 . 1 6  0 . 3 3  0 . 0 1  0 . 2 3  0 . 3 0  
g/plant 
Ear diatne - 0 . 1 8  - 0 . 0 3  1 . 0 0  0 . 5 2  - 0 . 1 2  - 0 . 2 2  0 . 1 3  - 0 . 0 2  - 0 . 4 4  - 0 . 2 2  - 0 . 3 1  
ter, cm 
Kernel-row - 0 . 3 1  0 . 1 2  0 . 5 2  1 . 0 0  - 0 . 1 8  - 0 . 1 5  0 . 0 5  - 0 . 0 1  - 0 . 5 6  - 0 . 2 4  - 0 . 1 4  
number 
Plant 0 . 4 5  0 . 6 5  - 0 . 1 2  - 0 . 1 8  1 . 0 0  0 . 8 8  0 . 3 8  0 . 4 8  0 . 1 3  0 . 5 1  0 . 3 5  
height, cm 
Ear 0 . 5 7  0 . 6 4  - 0 . 2 2  - 0 . 1 5  0 . 8 8  1 . 0 0  0 . 3 6  0 . 6 3  0 . 1 0  0 . 4 9  0 . 4 7  
height, cm 
Days-to-an 0 . 1 1  - 0 . 1 6  0 . 1 3  0 . 0 5  0 . 3 8  0 . 3 6  1 . 0 0  0 . 7 4  - 0 . 2 0  0 . 3 4  0 . 3 6  
thesis f 






- 0 . 0 1  0 . 4 8  0 . 6 3  0 . 7 4  1 . 0 0  - 0 . 2 7  0 . 3 3  0 . 4 8  
silk f 
Stand - 0 . 0 2  0 . 0 1  - 0 . 4 4  - 0 . 5 6  0 . 1 3  0 . 1 0  - 0 . 2 0  - 0 . 2 7  1 . 0 0  0 . 0 1  0 . 0 6  
Root 0.83 0.23 -0.22 -0.24 0 . 5 1  0.49 0.34 0.33 0 . 0 1  1 . 0 0  0 . 6 2  
lodging,cm 
Stalk 0.60 0 . 3 0  - 0 . 3 1  - 0 . 1 4  0 . 3 5  0.47 0.36 0.48 0 . 0 6  0 . 6 2  1 . 0 0  
lodging,cm 
f Number of days from planting date to flowering. 
Table B17. Genetic correlation among 11 traits measured in the 24"* selected population for longer ear in the Iowa Long Ear 
Synthetic (BSLE) maize population. 
Traits Ear length yield Ear diam Kernel-row Plant Ear Days-to-an Days-to- Stand Root Stalk 
cm g/plant ter, cm number height, cm height, cm thesis silk lodging,cm lodging,cm 
Car length 1 . 0 0  - 0 . 0 7  - 0 . 0 4  - 0 . 3 5  0 . 2 6  0 . 0 2  0 . 3 2  0 . 3 5  - 0 . 2 1  - 0 . 0 2  0 . 0 7  
cm 
Yield - 0 . 0 7  1 . 0 0  0 . 5 0  0 . 1 9  0 . 2 8  0 . 2 9  - 0 . 0 9  0 . 2 2  0 . 0 8  - 0 . 0 6  0 . 1 0  
g/plant 
Ear diame - 0 . 0 4  0 . 5 0  1 . 0 0  0 . 5 6  0 . 0 9  0 . 0 4  0 . 2 7  0 . 1 8  0 . 3 5  0 . 1 5  - 0 . 3 9  
ter, cm 
Kernel-row - 0 . 3 5  0 . 1 9  0 . 5 6  1 . 0 0  0 . 0 6  0 . 2 5  0 . 1 0  - 0 . 0 1  0 . 2 6  0 . 1 0  - 0 . 0 1  
number 
Plant 0 . 2 6  0 . 2 8  0 . 0 9  0 . 0 6  1 . 0 0  0 . 7 6  0 . 2 2  0 . 2 5  - 0 . 0 2  0 . 2 1  - 0 . 0 1  
height, cm 
Ear 0 . 0 2  0 . 2 9  0 . 0 4  0 . 2 5  0 . 7 6  1 . 0 0  0 . 2 9  0 . 3 9  - 0 . 0 6  0 . 3 1  0 . 2 2  
height, cm 
Days-to-an 0 . 3 2  - 0 . 0 9  0 . 2 7  0 . 1 0  0 . 2 2  0 . 2 2  1 . 0 0  0 . 8 2  - 0 . 1 9  0 . 1 2  - 0 . 2 5  
thesis t 
Days-to- 0 . 3 5  0 . 2 2  0 . 1 8  - 0 . 0 1  0 . 2 5  0 . 2 5  0 . 3 9  1 . 0 0  - 0 . 3 0  - 0 . 0 9  0 . 1 0  
silk 1 
Stand - 0 . 2 1  0 . 0 8  0 . 3 5  0 . 2 6  - 0 . 0 2  - 0 . 0 2  - 0 . 0 6  - 0 . 1 9  1 . 0 0  - 0 . 2 2  0 . 1 0  
Root - 0 . 0 2  - 0 . 0 6  0 . 1 5  0 . 1 0  0 . 2 1  0 . 2 1  0 . 3 1  0 . 1 2  - 0 . 2 2  1 . 0 0  0 . 1 1  
lodging,cm 
Stalk 0 . 0 7  0 . 1 0  - 0 . 3 9  - 0 . 0 1  - 0 . 0 1  - 0 . 0 1  0 . 2 2  - 0 . 2 5  0 . 1 0  0 . 1 1  1 . 0 0  
lodging,cm 
} Number of days from planting date to flowering. 
Table B18. Direct and correlated response to selection of 11 traits measured in the original -Iowa Long Ear Synthetic (BSLE) maize 
population. 
Traits Ear yield Ear diam Kernel-row Plant Ear Days-to-an Days-to- Stand Root Stalk 
length cm g/plant ter, cm number height, cm height, cm thesis silk lodging, cm lodging, cm 
Ear leng 0.30 -0.31 0.02 -0.16 1.26 1.14 0.75 0.42 -0.31 0.52 -0.52 
th, cm 
Yield -0.31 1.61 0.03 -0.02 0.83 0.07 -0.20 0.10 0.06 -0.16 0.05 
g/plant 
Ear diam 0.02 0.03 0.02 0.11 -0.51 -0.44 -0.28 -0.02 -0.14 -0.05 0.12 
eter, cm 
Kemcl-row -0.16 -0.02 0.11 0.37 0.21 -0.15 -0.37 -0.09 0.12 -0.61 1.18 
number 
Plant 1.26 0.83 -0.51 0.21 5.90 6.43 0.67 0.37 0.07 0.18 0.11 
height, cm 
Ear 1.14 0.07 -0.44 -0.15 6.43 4.47 1.29 0.76 -0.07 0.30 0.79 
height, cm 
Days-to-an 0.75 -0.20 -0.28 -0.37 0.67 1.29 1.52 1.62 -0.62 2.32 -0.17 
thesis t 
Days-to- 0.42 0.10 -0.02 -0.09 0.37 0.76 1.62 0.97 -0.80 1.78 0.04 
silk f 
Stand -0.31 0.06 -0.14 0.12 0.07 -0.07 -0.62 -0.80 0.45 -0.04 0.34 
Root 0.52 -0.16 -0.05 -0.61 0.18 0.30 2.32 1.78 -0.04 0.88 0.09 
lodging, cm 
Stalk -0.52 0.05 0.12 1.18 0.11 0.79 -0.17 0.04 0.34 0.09 0.82 
lodging, cm 
\ Number of days from planting date to flowering. 
Table B19. Merit of indirect selection relative to direct selection on 11 traits measured on the original Iowa Long Ear Synthetic 
(BSLE) maize population. 
Traits Ear leng Yield Ear diam Kernel-row Plant Ear Days-to-an Days-to- Stand Root Stalk 
th, cm g/plant eter, cm number height, cm height, cm thesis silk lodging. lodging, 
cm cm 
Ear leng 100.00 -19.25 100.00 -4.32 21.35 25.50 49.34 43.30 -68.89 67.04 -63.41 
th, cm 
Yield -19.25 100.00 150.00 -5.41 14.07 1.57 -13.16 10.31 13.33 -18.18 5.68 
g/plant 
Ear diam 100.00 150.00 100.00 29.73 -8.64 -9.84 -18.42 -2.06 -31.11 -5.68 14.67 
eter, cm 
Kemcl-row -4.32 -5.41 29.73 100.00 3.56 -3.36 -24.34 -9.28 26.67 -69.32 143.90 
number 
Plant 21.35 14.07 -8.64 3.56 100.00 143.85 44.08 38.14 15.56 20.45 13.41 
height, cm 
Ear 25.50 1.57 -9.84 -3.36 143.85 100.00 84.87 78.35 -15.56 34.09 96.34 
height, cm 
Days-to-an 49.34 -13.16 -18.42 -24.34 44.08 84.87 100.00 167.01 -137.78 263.64 -20.73 
thesis t 
Days-to- 43.30 10.31 -2.06 -9.28 38.14 78.35 167.01 100.00 -177.78 202.27 4.88 
silk f 
Stand -68.89 13.33 -31.11 26.67 15.56 -15.56 -137.78 -177.78 100.00 -4.55 41.46 
Root 67.04 -18.18 -5.68 -69.32 20.45 34.09 202.27 202.27 -4.55 100.00 10.98 
lodging, cm 
Static -63.41 5.68 14.67 143.90 13.41 96.34 4.88 4.88 41.46 10.98 100.00 
lodging, cm 
f Number of days from planting date to flowering. 
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Table B20. Predicted and observed responses to selection for 11 traits after 27 
cycles of divergent mass selection for increased and decreased ear length in 
Iowa Long Ear Synthetic (BSLE) maize population. 
Traits 
BSLE C27LE f BSLE C27SE f 
Predicted Observed Predicted Observed 
Ear lengt:h, cm 0.30 0.27 -0.30 -0.37 
Yield, g/pleuit -0.31 -0.31 -0.31 -2.25 
Bar diameter, cm -0.01 -0.02 0.01 -0.01 
Kernel-row number -0.08 -0.06 0.08 0.11 
Plant: height, cm 2.85 1.54 -2.85 -1.59 
Bar height, cm 0.55 0.99 -0.56 r
o 00 O
 1 
Days-to-anthesis, J 0.38 0.33 -0.38 -0.12 
Days-to-aillc, | 0.21 0.21 -0.21 -0.21 
Root lodging, % -0.21 0.25 0.21 0.03 
Stalk lodging, % -0.28 -0.03 0.28 -0.25 
Stand 0.50 0.05 0-50 0.67 
t L£ indicates selection for increased ear length and SE indicates selection for 
decreased ear length. 
^ Number of days from planting to flowering. 
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Table B21. Expected response to mass selection for 11 traits in the 
24'*' selected Iowa Long Ear Synthetic (BSLE) maize 
populations for longer and shorter ear. 
Traits 
BSLE C24LE f 
Predicted 
BSLE C24SE f 
Predicted 
Ear lengrth, cm 0.21 0.26 
Yield, g/plant 2.53 2.38 
Ear diameter, cm 0.04 0.05 
Kernel-row number 0.28 0.41 
Plant height/ cm 6.30 3.67 
Ear height, cm 4.83 3.71 
Days-to-anthesis, J 0.12 0.63 
Days-to-silkr J 1.07 0.94 
Root lodging, % 0.10 1.86 
Stalk lodging, % 0.56 0.67 
Stand 0.29 0.44 
t LE indicates selection for increased ear length and S£ indicates 
selection for decreased ear length. 
^ Number of days from planting to flowering. 
